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1.0 INTROOUCTK)N AND OVERVIEW 

This volume includes both construction and transportation data since these two topics have many 
interrelated factors when comparisons are made concerning the selection of power generation sys- 
tems and construction locations. 

This document will primarily cover the material developed during Part 2 of the SPS System Defini- 
tion Study. Accordingly, construction and transportation systems and operations are described for 
the following combinations: 1 ) silicon photovoltaic CR= I satellite constructed primarily in LEO. 
2) silicon photovoltaic CR=1 satellite constructed in GEO, 3) Rankine thermal engine satellite con- 
structed primarily in LEO and 4) Rankine thermal engine satellite constructed in GEO. Alternate 
photovoltaic satellites incorporating a CR=2 design and a Brayton thermal engine satellite were dis- 
cussed in Part 1 documentation (D 1 80-20689-3) and are not repeated. 

Section 2 of this document consists of a summary presented in a manner to emphasize the key dif- 
ferences between the two power generation system options followed by differences between the 
two construction location options as measured by various constniction and transportation factors. 
Data resulting from these comparisons indicate a photovoltaic satellite constructed in LEO offers 
the most desirable features in terms of construction and transportation factors. Recommendations 
for consfuction and transportation technology demonstrations are presented at the end of the 
summary. 

Section 3 of this document presents detailed construction analysis in temis of the construction 
operations and construe non base definition asstviated with botli power generation systems con- 
cepts and both construction location options. No construction comparison of the options is 
included in this section since it has been incorporated in the overall summary of Section 2. 

Section 4 contains the system descriptions of the Earth-to-LKO and Ll.O-to-fiEO transportation 
systems used to support the various combinations of power generatic'u systems and construction 
location options. The material primarily consists of the reference s> stem descriptions since alterna- 
tives for the various transportation systems were discussed in the Part 1 documentation 
(Dl 80-20689-51. 
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2.0 SUMMARY 


fMClSDING PAGE BLANK NOT FILMH* 


In this summary section, the construction and transportation systems are discussed together from 
the standpoint of how they relate to the two main issues of the study which are the comparison of 
I » the power generation systems and 2 > the location for their construction. Both LEO and GEO 
construction options ha\e been studied for both power generation systems. In order to focus 
more clearly on the differences in the construction and transportation characteristics for the two 
pow r generation options, this first portion of the summary will be confined to the LEO construc- 
tion approach. It should be noted however, the outcome of the power generation contparison is 
not infiuenced by the the construction location. 


Resulting from the power generation comparison will be a judgment as to which is the preferred 
s>stem from the construction and transportation standpoint. This concept will then be used in the 
comparison of the construction location options found in the second section of the summary. 
Again, both power generation systems have been investigated for both construction locations. 

Assumptions and Philosophy 

The key assumptions and philosophy used in the construction and transportation analysis are indi- 
V ated in Table 2-1. Most of these items are self explanatory but a few require a brief explanation. 
Item 1 was specified in the Statement of Work. Item 2 deals w ith the actual amount of useful time 
available for construction taking into account that personnel do not work literally an entire shift 
(coffee breaks, etc. >. and allowances also included for machine down time. Item 3 is specified to 
indicate no construction options were investigated which used the satellite itself to support con- 
struction equipment. Item 5 relates to the case where a given type of machine operation such as a 
stilar array deployment, was analyzed to determine its required construction rate in LEO construc- 
tion and then this same rate was used for the GEO construction approach. Item 6 deals with the 
thought that wherever practical, parallel construction operations were performed in order to reduce 
the construction rates of the equipment and at ail times an attempt was made to eliminate the cases 
where several operations had to occur simultaneously to finish a given task. Item 9 primarily deals 
w ith the task of indexing the satellite or the terminal phase of bringing together large items such as 
satellite modules or antennas using propulsive devices. Item 10 identifies the two stage ballistic 
ballistic system as the reference cargo launch vehicle although two stage winged winged systems 
were also investigated. 

2. 1 POWER GENERATION SYSTEM COMPARISON 


Ihe overall configuration characteristics that influence the construction and transportation of 
the reference photovoltaic and themial engine satellites are shown respectively in Figure 2-1 and 
2-2. The referenced ID (iW photovoltaic satellite shown in Figure 2-1 consists of X satellite mod- 
ules. vvhieli when assembled have an overall length of 21. b kilometers. Approximately 1300 kilo- 
meters of 20 meter beam is assembled. 1 1 2 square kilometers of solar array is installed along with 
b.s kilometers of powerbus. ( onstruction of two antennas involves fabrication of structure and the 
placement of l.b square kilometers of radiating surface. 
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Table 2-1 . Assumptions and Philosophy Construction and Transportation 

1. ONE YEAR CONST TIME (INCL 30 DAYS TEST AND C/O) 

2. PRODUCTIVITY FACTOR OF 0.75 

3. FACILITIZEO CONSTRUCTION WITH ASSEMBLY LINE TYPE OPERATIONS 

4. COMPONENTS MANUFACTURED ON EARTH. ASSEMBLED IN SPACE 

5. SIMILAR CONST EQUIP USE SAME RATES FOR ALL CONST OPTIONS 

& PARALLEL AND DECOUPLED CONSTRUCTION WHEREVER PRACTICAL 

7. CONST. ACCOMPLISHED USING CREW OPERATED OR MONITORED EQUIP/MACHINES • NO 
"HANOS ON" OPERATIONS 

8. CREW WORK SCHEDULE 

10 HOURS PER DAY 
6 DAYS PER WEEK 
90 DAY STAYTIMES 

9. NO FREE FLYING INDEXING OR DOCKING OF LARGE SYSTEMS OR MOVEMENT 
OF CARGO AROUND FACILITY 

10. REFERENCE CARGO LAUNCH VEHICLE-TWO STAGE BALLISTIC/BALLISTIC 

11. SHUTTLE GROWTH (LIQUID BOOSTER) USED FOR LEO CREW DELIVERY 

12. ORBIT TRANSFER SYSTEMS USED ION ELECTRIC OR LO 2 /LH 2 PROPULSION 
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• EIGHT MODULES 

• 97 MILLION kg 

• 1300 ten OF 20 M BEAM 

• 102 tei|2 OF SOLAR ARBAY 

• 6S km OF POWER BUSES 

• Ukm^ OF ANTENNA SURFACE AREA 


Figure 2-1 . Photovoltaic Satellite Configuration 



Figure 2-2. Thermal Engine Satellite Configuration 
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The thermal engine satellite shown in l iguro 2-2 conMsts of 16 moilules which when assembled have 
a plantorm dimension of lO.d kilometers on a side resulting in approximately the same area as the 
photovoltaic satellite. A key .listingiiishing feature of this configuration relative to the photovoltaic 
satellite is that the depth of the satellite is considerably greater. Key component charav'lenstics are 
also indicated, the only component directly comparable to the photovoltaic satellite being that of 
the structure which is approximately 2,5 times greater m length, altliough in this case the majority 
of tins beam is 10 meter si/e rather than 20 meter 

The principal areas which will be used to compare the two power generation sy stems are indicated 
in Table 2-2. lltese areas have been selected to emphasi/e the differences between the two satel- 
lites. Tlie approach used in the stmimaiy will he to compare both power generation system options 
for a given topic in two consecutive charts rather than going all the way through the photovoltaic 
satellite and then the thermal engine satellite followed by a comparison at the end. 

2.1.1 Construction Concept 

The first comparison to be made is that of the overall construction transport.ition concept for each 
satellite. As indicated earlier, the 1 1 () construction approach will he used in making the power 
generatum system comparison. 

In the case of the photovoltaic satellite shown m I'igure 2-.v eight modules and two antennas are 
constructed at the LTO base. .Ml modules are transportcii to Cil O using self-pow er electric propul- 
sion. Two of the modules will transport an antenna while the remaining six modules will be trans- 
ported alone. 1 he (IK) operation rc»iuiics Ivrthmg lilocking) the moihiles to form the satellite and 
deployment of the sol.ir .mays not uscil for the transfer, followed by the rotation of the antenna 
into its desired operating position. 

riie themial engine 1 I O construction concept is shown m I igure 2-4 .nitl is similar to the photo- 
voltaic satellite w ith the exception th.it lo modules are construclcil in I 1 () vv ith 14 of these being 
transported alone aiul again 2 modules caji taking up an antenna. Hc:l!img is again iviinired at 
(IK), however, no rellecloi f.icels reumre deployment since they .ne not affecicii by radiation 
when passing through the \ .in .Mien belt so consi'i|iicnily .in' deployed while in LK) m order to 
simplify the i. onstuiction operation' at (ilO 

The construction oper.itions to be performed at the 1 l () <.onstruction b.ise .ire .is follows In the 
ca.se of the photovoltaic s.itellilc the operations illustrated in I igurc 2-5 incluiie I I assemble the 
structure to form .i module I S the m/c of the tot.il s.ilelhte. 2) iiist.ill solar .irr.ivs, .5) install power 
bus system. 4 1 install orbit translcr system. 5 1 install subsv stems and PI construct two antennas 
with their yoke and rotary joints. 
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Table 2*2. Power Generation System Comparison 


AREAS OF COMPARISON 

• CONSTRUCTION BASE CONFIGURATION 

• SATELLITE AND ANTENNA CONSTRUCTION OPERATIONS 

• FINAL ASSEMBLY or ERATIONS 

• CONSTRUCTION EQUIPMENT 

• CREW REQUIREMENTS 

• CONSTRUCTION SYSTEM MASS AND COST 

• LAUNCHSYSTEM 

• ORBIT TRANSFER SYSTEM 

• TRANSPORTATION COST 


SPS>13«3 



ARRAY 


Figure 2-3. LEO Construction Concept 
Photovoltaic Satellite 
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F^rr 2~4. LEO Constniclion Concept 
Theimjl Engine Satellile 


• CONSTRUCTS SATELLITE 



Figure 2-5. LEO Base Construction Ta.sk,s 
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The conan^tioti taAs. aoocuted »ith therapy »teUite mo^ik» are tiiilicate<l In Ftfute 
The key difRwence coiB|»arMi to die ^otoveytak eonsnucrion ^rMiardy lebies to the differ^ 
ence in the flower fem^r^ticMi devices ti.e.. reflectors and thermd eng»Ks'ta^ior$ instead of solar 
amvsV 

2.1.2 LEO Com tinct i o n fla^s 

The tar nsowfig a Kase for the i^ioiovoiiaic sateflite b i^stiaied nr F^we 2-7 and con^s of t«o 
connecAe^ fatties with one laod to Nald the modufes »d the r^^r to Niihi the anlemta. The 
module crnMrucQon facility b an open ended sinictuie whndi aMows the four boy wide nmfuk to 
be coMtincted with oidy hmfitudinal mdexing. There are two haik work areas. The aft .'••ea is 
^d fw^ fttiKtural msembly us«f beam machhws and iiwnt ai^mbly ntachii^ attactwd to both 
the u{H>er wd lower surfaces of the facility. Solar array and power disinbutim are insialkd from 
^juiinnent att»>rlwd to the ui^vr factbty vurface di the fcvward area. Tlw satellite module b sup- 
ported by mmaWe towers kK'ated «i the lower »rf%e of the f^ity. These towers are also used 
to a^ex the moihile ^ it is being fabricate. 

TIk antenna faettity b confuted to endiMe four ba> s of antenna in width and four row^ of bays in 
kngth. The minnnum plans iew sh^ of the facility is ^taiiwd th.ou^i use of a 60 degree parallel- 
ogram. Thb sh^ b the result of the b^* unit of the primary' structuie being trian^lar in shape 
ai^ the resulting angular indexing. The lower surfih:e of the fiw'ility b to suppenrt beam 
mKhnws. ioint as^nbh madiines, aipport indexing machines and bus deplos ment equipment. 
The upper mrf^e b i^ed to aipporl beam raiwhines. joint asembh' machines and a dephsyment 
platform that b used to dephn the sectsndary structures and antenna subarrays. 

The thermal engine satellite ccmstruction base has been designed to surround the thermal engine 
satellite module and as a rewilt consists of si>me rather large dimensions as shown in Figuie 2-8 The 
construction operations are |vrU»mied m thiee separate levels or aiexs of the haw. the lower 
level is hKaled the antenna ctwstruction facilities and those provisunis necessarv to conslmct the 
antenna yoke, Immediatelv aKne this area is the refleclor cimstniclion factory which includes 
equipment nec-essary to constnicl reflector structure and install reflecting facets. Support of the 
construc ted reflectors is accomplished usii^ indexing devices moving dow n two side rails, Ihese 
rails ate a|sc> iin-d to supivrt beam machines used to construct the Iwir supporting legs between the 
tetlectof wiifac'e and the ftx'al point. Al the upper level of the constnic tior base is Icx'ated the feval 
poinl factors which has the task of consiniciing the CPf, cavity, installing the thermal engines, con- 
structing radiators and the ^ine which serves as the |H>wcr distribution system .A fourth a^'■a. 
alihiwigh only used in the constnicluvn of two iiuxtules is the 4s.senibly platform used to form the 
antenna stmeture supptirt point for the antenna. 
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Figure 2-7. LFO Construction Base 
Photovoltaic Satollitr 
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Figure 2-S. LtO Construction Base 
Thermal Engine Satellite 
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2.1 J SaieMe Mid ^tewn Constractioa OperatHMK 

The overall construction sequence of a photovoltaic satellite module is shown in Figure 2-9. The 
construction sequence associated with the structure, solar array and power buses consists of initially 
building the first end frame of the siruciun;. This end frame is indexed forward one structural bay 
length at which tone machines can then form the lemainda* of the structure in each of the bays. 

The first tow of four bays is then indexed forward to allow construction of the second row of struc- 
tural bays in paralkl with installation of solar arrays in bay I through 4. Solar array installatkMt and 
construction of structure occurs simultaneously across the width of the module, although neither 
operafon depends on the other Ai the c^pletion of 16 bays or four rows of bays in length, the 
power iHises amt pit^llant tanks aie instalkd. Crmstruction of the structure mmI instaHatkm of 
sedar arrays of the remaining four bay lengths of the module are done in a similar manner to that 
pievMxisly described. Thruster modules for the self-power system are attarh^ to emrh of die four 
comers of the module. 

The construction sequence for the power generation portion of the thermal engine satellite module 
is presented in Figures 2-10 and 2-11. The first of tlwse construction operations deals with the 
fmmation of the refkctor surface and is shown in Figure 2-10. The principal elements involved in 
this operation are the factory itself and the stnictural machines, refiector deployment machines and 
indexing devices. The complexity of this operation and tlic machine's themscives is better appre- 
ciated by tlie fact that the chape of the reflector surface is a pcmion of a sphere and in addition, the 
structure fomiing the shape coiimcIs of interconnecting tetrahedrons. To accomplish this task, the 
structure and reflector machines are attached to the underside of the reflector factory' and run on 
tracks. The spherical reflector shape is obtained by having the reflector factory move up and down 
in elevation and rotate about its longitude axis. Moxement of the factory occurs after the machines 
make e.*ich transit across the factory length. Five structural and reflector machines are required in 
Older to satisfy the timeline a-quirenients. The other major operation in constructing the thermal 
engine satellite ixciirs at the top of the constniction hasi- whea the I'tKal point equipment is con- 
structed and installed. The major individual operations *o occur aa shown in Figure 2-1 1 against a 
background of the focai point assembly factory . The point to be kept in mind is that ail of these 
operations are going on simultaneously . At several points in time, major subassemblies are brought 
together and Anally ail elements an’ then connected to fomi the complete unit. .At that point, the 
factory is moved away and the bKal point can be attached to the support legs coming up from the 
reflector surface. 

Construction of antenna and yoke for each siiellile is essentially the same, and for that reason spe- 
cific operations associated with this task are not covered at this time. In both cases, each antenna 
requires six months of constniction time. A point of difference however, is where and when these 
elements are consinicted and how the assembled antenna yoke is attaclicd to the satellite for 
tran^ortation. 
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Figure 2-10. Reflector Construe tion Operations 
Thermal Engine Satellite 
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Figure 2*11. Focal Point Assembly Operations 
Thermal Engine Satellite 
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The antenna and yoke operations associated with the t^otovoltaic satellite are shown in Figure 2-1 2. 
The yoke for the antenna is constructed in the module construction facility becaise of its lai^ 
dimensKHis. When u^g this approach however, it requires the yoke to be made in between the 
third and fourth mcKiule and between the seventh and e^th modules. Following yoke construc- 
tkm it is moved to the of the module facility. At that time either the fourth or the eighth 
module will be constructed. During the ccmstruction of these modules, the antenna is completed so 
that it can then be attached to the yoke. After five rows of bays have !~,ecn completed in the fourth 
and eighth modules, the anteima/yoke combination can then be attached to the module in its 
required location. Construction of two mote rows of bays puts the antenna outside the facility 
where it tlwn can be hinged under the module for its transfer to GEO. 

Construction of the antenna elements of the thermal engine satellite occur at the lower level of the 
construction base as indicated in F’sure 2-13. The support structure for the yoke and the hinge 
linkage u%d to position the antenna are different from the photovoltaic satellite. Another differ- 
ence although not having a major impact is that the antenna is constructed with the radiating sur- 
face dowu. In the case of the support structure, there is an offset which allows the proper pointing 
of the antenna while the satellite flies PEP rather than POP as in the case of the photovoltaic sat- 
ellite. The hinge linkage used to position the satellite is made following the yoke. Assembly of the 
antenna, yoke and hinge linkage into one unit is followed by the attachment of this unit to the 
underside of the reflector surface for the transfer to GEO. 

2.1.4 Final Assembly Operations 

Several key and distinguishing construction tasks are required by each satellite once GEO is reached. 
(The transportation of the satellite modules from LEO toGEO are discussed in Sec. 2.1.10.) In the 
case of the photovoltaic satellite, an additional task is required in that those solar arrays not 
deployed for transfer now require deployment. Tliis operation requires a final assembly platform 
that can support four solar array deployment machines as shown in Figure 2-14. The other tasks to 
be performed at GEO are shown on subsequent charts. 

The first operation to occur once the pliotovoltaic satellite modules reach GEO is that of the berth- 
ing (or docking) of the modules. In the case of the photovoltaic satellite, the modules are berthed 
along a single edge as indicated in Figure 2-1 5. The major equipment used to perform these berth- 
ing operations are shown. The concept employs the use of four docking systems with each involv- 
ing a crane and three control cables. Variations in the applied tension to the cables allows the 
modules to be pulled in. provide stopping control and provides attitude control capability. Also 
required in this concept is an attitude control system involving thrusters which are not shown. 
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3B4ANOTAM • ATTACH ANTENNA 
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OF FACH.ITV 

Figure 2-1 2. Anteniu/Yoke/Module Assembly 
Photovoltaic Satdiite 
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Figure 2-13. Antenna/Yoke/Module Assembly 
Thermal Engine Satellite 


16 















D 180-22876-5 


Berthing operations associated with the thermal engine satellite modules require both single edge 
and two edge (comer) berthing as indicated in Figure 2-lb. To accomplish the berthing operation, 
two facilities are employed. Each is provided with a crane system similar to those described for the 
photovoltaic concept. One of the facilities is located at the upper portion of the mo.'ule while the 
second i< near the plane of the a'flector so that forces can be apr'ied around the eg of the module. 
Movement of one of these facilities from module to module occurs by releasing one attachment 
point and pivoting around the other until the desired location is reached. 

Comparison of the antenna flnai installation operations associated with the satellite also illustrates 
some differences in terms of complexity of the required mechanisms. In the case of the photovol- 
taic satellite, the antenna is attached below the module and uses a single hinge line. Once GEO is 
reached, the antenna is rotated into position followed by the final structural and electrical connec- 
tions. These operations are illustrated in Figure 2-17. 

Macement of the thermal engine satellite antenna requires similar operations except that 3 hinge 
lines are required rather than one as shown in Figure 2-18. This condition is a result of the long dis- 
tance between the transfer position of the antenna and the final position for the operational phase. 

2.1.5 Construction Equipment 

The major construction equipment associated with the photovoltaic satellite are illustrated in Figure 
2-19 along with some of the key characteristics such as quantity, mass and dimensions. Again, 
because the antenna itself is common to both satellite systems, its special equipment is not shown 
although this material is presented in the detail construction section of this document. The beam 
machine shown is indicative of the structural concept which uses two beam machines to form all the 
main structure. Accordingly, it has both translation as well as rotational capability. The dimen- 
sions and mass indicated arc indicative of the segmented beam approach although machines fabri- 
cating thermally fonned continuous cord structure could also be attached to the same frame. 

Crane/manipulator systems are primarily used to form the structural beam joints. Although the 
size indicated is most common, several 250 meter units are also required in the construction of the 
antenna yoke as well as several 20 meter cranes. Two man control cabins with manipulators are 
located at the end of the crane which is itself attached to a moving platform. 

The principal difference between the indicated solar array machine and those illustrated in previous 
briefinp is that the gantry itself is located approximately 50 meters below the facility beams since 
that is the location of the upper surface of the satellite. Further discussion on these machines 
occurs in Section 3.2. 
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Figure 2-16. GEO Berthing Concept 
Thomal Engnie Satellite 






Fioure 2-1 7. Antenna Final Installation 
Photovoltaic Satellite 
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Figure 2-18. Antenna Final Installation 
Thermal Engine Satellite 
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Figure 2-19. Major Construction Equipment 
Photovoltaic Satellite 
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The thermal engine satellite rciiihres several maehines similar to the photovoUaie equipment bat in 
addition requires several ditTerent units. Some of this equipment ii depieted in Figurt 2*20. Beam 
maehines are also required with the key difference being th nlity and also the need of a 10 
meter lx*am machine. Crane, 'manipulator units are appro.x.inately the same. Formation of the 
reflectoi (facets siufacei requires a special structum machine and a facet deployment machine. In 
addition to individual maehines. the thermal engine xiiellite eonstnietion operation requires several 
mini-factories involving numerous pieces of equipment as shown in f igure 2- ’ I . b vamples of these 
small factories are as tollows. the fonnatioii of the CPt' and cavity where e:anes, manipulators, 
welders, conveyors and control cabins are required; a radiator faetory Mu-.! welds the 10 meter 
length sections of pipe into 350 meter lengths and then attaches the r.idi.itors (heat pipe) panels to 
the main pipes; in addition, engine installation is requued including a connection of power busses 
between the engines and finally, the spine assembly that consists of machines to build structure 
running between modo'e focal points and machines to assemble and attach the major power busses 
to that slructua*. 

2. 1 .6 Crew Requirements 

The difference in crew si/e and distribution of crew is compared for the two satellite concepts m 
Figure 2-22. The crew sue for all orbital tu*rsonnel indicates the photovolt.iic satellite requires 
approviinately ,'(W fewer people with all this difference o 'curring in the low Farth orbit construc- 
tion base. The principal reason for the larger crew requirements for t’r.e thermal engine s.itelhte is 
due to more eonslruclion operations reipiired and of course this then contributes to the construc- 
tion (indirect) personnel and the support personnel manloadings. 

2.1.7 Construction System Mass and Cost 

ROM timates are presented for the eonstrueSioii bases as well .is crew rotation resiipplx m 

Figure . in the c.isc of the LI U construction bases, the photovoltaic satellite is lighter h\ 
approximately 3 million kilograms. The m.t'or eontrilnilors > tlie thermal engine nuiss is the large 
foundation tstructure) along with thiee extra crew modules due to tlie 300 additional people .i ul 
additional construction equipment C>l O final assemblv bases aio approxim.itcK equal. Differences 
in the annual crew rotation resupph requirements reflects the difference in the 300 man crew sue. 

Comparison of the unit cost of the first set of construction bases indicates over a 4 billion . vll.ir 
savings for the photo\olt.iic satellite .is shown in Figure 2-24. 1 liese values reO.'ct a ‘>0 learning 
factor applied to each m.ijor end item u e. beam machine, crew niodulei V. portation costs arc 
not included in this particular chart. In the e.ise of the thermal engin s.iletli, 'he piincipal differ- 
ence in the faciluv cost is the three exf^a crew modules. I'he large difference r,; construction 
equipment quantitv and mass contributes to the differeuee in construction equipment cost 1 he 
wrap-around factor is applied to the sum of the f.ieihtv ami eenstruetion 'qiiipinent costs. 
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Figure 2-21 . Major Construction Equipmer 
Thermal Engine Satellite 
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Figure 2-22. Crew Size and Dbtribution 
LEO Consrructton 

• LEO CONSTRUCTION 


CONSTRUCTION BASES 



CREW ROTATION/RESUPPLY 

• ANNUAL 

• CARGO. CREW. VEHICLES 
AND MODULES 

INCLUDES GEO SUPPLIES 



Figure 2-23. Construction Mass Summary 
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Figure 2-24. C'uiistniclion Base ROM Firsi Sol Cost 


24 






DI80-2287<»-5 


w»wu 

THAN S» »0«TATKWi 1 f UNCTIQW BiFEER£lStC£ 


REASON 


• SATELLITE LAUNCH SYSTEM 
• TWO STAGE BALLISTIC 


• PAVLOAO SHROUD 
P.V - REUSACLE 
T/E - EXPENDABLE 


• SATELLITE COMPONENT 
DENSITY 


• CREW LAUNCH SYSTEM 
• SHUTTLE GROWTH 


• NUMBER OF FLTS 


• MORE PEOPLE IN ORBIT 


• SATELLITE LEOGEO SYSTEM 
• KLF POWER 


• T/E HAS LESS SATELLITE 
DESIGN IMPACT 

• LESS GRAVITY GRADIENT 
TORQUE 


• NOOVERSI2ING 
AND USE OPER. VOLT. 

• LOWER INERTIAS 


• CREW^LR>PLIES LEO-GEO • NONE 

• TWO STAGE LCyUHjOTV 


Figure 2-25. Traiis|H»rtation Sysicm ITiffciences 
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Figure 2-26. ConipoiK'iit Packaging DeiwilN Impact 
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Figure 2-27. Satellite Launch Vehicle 
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2. 1 . 1 0 Satellite Orbit T ransfer System 

The transfer of the satellite modules from LHO to GKO involves the use of electric propulsion using 
power provided by the module (thus the name self-|>o\ver>. The characteristics associated with self- 
power of a photovoltaic module arc shown in I igure 2-2S for both those modules transferring 
antennas and those that do not. The general characteriNtics indicate a 5'; oversi/ing of the satellite 
to compensate for the radiation 0 -gradation occurring during passage through the Van Allen belt 
and the inability to anneal out all of the damage after reaching (i! O. It should also be emphasi/ed 
at this point, only the arrays needed to provide the required power for transfer arc deployed. The 
remainder of arrays are stowed within radiation proof containers. Cost optimum trip times and I^p 
values are respectively 180 days and 7.000 seconds. Flight control of the module when flying a PEP 
attitude during transfer results in large gravity gradient torques at several positions in each revolu- 
tion. Rather than provide the entire control capabilits with electric thrusters which are quite 
expensive, the electric system is si^ed only for the optimum transfer time with the additional thrust 
provided by LO-* LHi thrusters. This ivnalty actually is quite small since by the time an altitude 
of 2.500 kilometer is reached the gravity gradient torque is no longer a dominating factor. 

Self-power of the thermal engine satellite modules aa- for the most part similar to the photovoltaic 
modules from a jx-rlormance standpoint although there are some distinguishing differences in terms 
of satellite design impact as identified in figure 2-2d. One example of this is that no oversi/ing of 
the thermal engine modules is required since the reflector facets and ergiues are not sensitive to 
radiation as are the solar arravv. A second point is that the voltage geneiated by the satellite can be 
the same as the operating satellite voltage (si . e no plasma losses occur as in the case of solar arrays) 
and thus a minimuiii power distribution penaltv occurs, f rom a propulsion standpoint, three 
thruster modules are used rather than four and although all facets are deploved in I KO. onlv a 
portion ol these are required for the transfer, (iravitv giadient torque associated with this config- 
uration are considerablv lower due to the inertia characteristics of the modul - and consequently the 
chemical thrust required and the amount of f()s Lll’ propellant are considerablv less than in the 
case of the photovoltaic satellite module. 

2.1.11 Crew Rotation Rosupplv Transportation 

The major transportation system elements and the number of lli.e'its associated with crew rotation 
resupply is presented in f igure 2 .^ 0 . .\ shuttle growth vehicle using a liquid booster delivers up to 
75 crewmen per flight to f f (.). C’argo in tcinis of crew and base supplies as well as propellant and 
OTV hardware is delivered by the satellite launch vehicle. Ihe OTV used for crew rotation/ 
resupply is a two-st.age lA)s, Lll-i system with each stage having identical propellant capacity. 

Crew Lf O delivery flights and supply flights are different as a icsult of the difference of .U)() peviple 
required to construct the two satellites, ftie GfO bases have nearly the same crew si/es and conse- 
quently no difference occurs in the Ol V operation. 
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Figure 2-28. Self Power Configuralion 
Photuvtiliak' Satellite 
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Figure 2-30. Crew Rotation/Resupply Transportation Power Generation System 
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2. 1. 12 Transportation Cost 

The toal transportation cost of the photovoltaic ami thennal engine satellite effort is presented in 
I'igure 2-31 . The costs are broken down to illustrate the differences for the three major transporta- 
tion operations although the magnitude of the cost of the three are quite different. In the case of 
the satellite transportation costs, the primary reason for the thermal engine being greater is its need 
ivi use an expendable \hroud in order to achieve a mass limited launch condition. Crew rotation 
resupply differences are reflecting the difference in numbers of flights to get an extra 300 people to 
LI O in the case of thermal engine satellites. Construction base transjnsrtation differences are pri- 
marilx due to the larger mass of the thennal engine construction base as well as the wslume limited 
condition of the constriution equipment itself and the fact that the thermal engine concept uses 
considerably nuire equipment It should be remembered however, that this initial placement will 
most likely l,ist for 20 y ,„o > lenns of the facility and 10 years for the construction equipment so 
that facility transportation c,‘ 's e, i. be considered as ainorti/ed. 

2. 1 . 1 3 Construction T ransponation Summary 

.\ summary comparison c-t the photovoltaic and thennal engine satellite is presented m fable 2-3 
along with an indication of winch anicept is preferred relative to the various construction and trans- 
portation parameters discussed in preceding paragraphs. Compared this manner, it appears that 
the photmoltaic satellite has a clear advantage in terms of less complex facilities, construction 
opciations and ct>nstruction equipment, all leading to a lower construction cost and in addition has 
kvwei ti.msport.ition costs, 

2 2 C ONSTRCCnON LOC ATION COMPARISON 

I omparison of the m.iioi ci'iistruction ,md transportation p.namctcrs as,sociated with f I O and fil O 
construction will I'e lione using the photovivltaic s.nellite riuc to it being iiuiged to offer the best 
ch.nactcristics m terms of construction and transportation fhe principle areas to be used m com- 
p.mng the two constnictK'ii loc.itioiis optu>ns .irc iiulic.itcil m f.ible 2-4. .As m the c.isc of cvvmpar- 
ing the power generation system options, the two construction location concepts will be comparcvl 
at the same tunc or on cimscculive charts for a given item of comparison. 

2. 2. 1 CONSTRCCTION CONC LPTS 

fo csi.ibhsh a framevvork tiom which to conduct the comparison of I fO vs Cl (t construction, an 
overall summary of each construction cmicept is prcsentcil. fhe 1 I (Konsiruction concept of tl'.e 
photovoltaic satellite is slunvn m f igure 2-.'.’' ,ind consists of eight iiuHliiles and two antennas all 
coi’structcd m 1 1 O facilili.'s All nu>dulcs arc transported to (if O using scll-povver fwo of the 
iiuhIuIcs will ti.insport .in .mtenn.i while the remaining six modules go up alone, til t) operations 
icquiic berthing ol the nu’diucs to Ivum the civmplete satellite .iiul the depkn incut of the solar 
.irrays not used tor the li.msfer 
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Figure 2-31. Transportation Cost 
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Table 2-4. Construction Location Comparison 
Photovoltaic Satellite 
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Figure 2-.I2. LEO Constniclion Concept 
Photovoltaic Satellite 
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The GEO constniotior. concept is illiistraicd in I ij:urc 2-.n' anti begins witli a slatrini; depot, which 
has the capabilit\ to transfer patlt'ads Iroin a launch xehiclc to orbit transfer tehicles and to house 
and maintain the orbit transfer vehicle licet. I ransfer of all pa\ loads between LI O and GLO is 
accomplished usint: LO^ Llh OlA ’s, Gonstriiction ol the entire satellite mehidini: antenna is done 
at GEO The reference satellite for the GEO conslniclion option is a monolithic design rather than 
modular as in the case of LEO construction, I lie clfeci ol this lufference as well as others is dis- 
cussal on subsequent charts. 

2.2.2 Orbital Bases 

Two principal bases are required for Itic construction of each satellite in the LEO construction 
option as illustrated in E'lgure 2-.^4. Ehe bases for the photovoltaic option have been described 
earlier in the comparison of the two power generation svsteni concepts. In sumiiuirv . however, the 
LEO construction b.'se consists of two connecting facilit ies, vv i‘.h one used for construction of sat- 
ellite modules, while the other is used tvv construct the antennas. Ehe GEO base provides basing for 
cranes used in the berthing of the modules .ind supports solar airav deplov ment machines. 

Two orbital bases arc also requiicd for the t.l O constuiction opthm as shown m I iguie Ehe 

GEO construction base has been si/ed to construct a satellite m one vear and coiisequcntlv . results 
in the same overall si/e as the base for 1 EO constuiction. I liis appro.ich rloes result in moving the 
satellite i onstruction facilitv ni two directions lathcr than one. Ehis h.is been judged to be more 
cost ctTective than h.iving a lull width fac.htv and aikhtional constuiction ciiuipmcnt and have this 
equipment sit idle half of the time, \dilition.il discussion on this suhicci will ocsur m subsequent 
charts. Mass dil fcreuce lor tins construction base ci'inpareil to the b.isc for LI O construction pri- 
marih letlects the .idditum.il ni.iss require, i lor sliiehimg protcctimi .ig.mist sol.ir tlaies. Other 
significant dit'lercnces m the GLO coiisti uctioii b.ise .ire the imtiiggers on the satellite taciiitv to 
allow later.il direction indexing m .uKlition to the movement of the antcnn.i f.icihtv from mie end of 
the satellite to the other, \g.im, both ol these ditleienees .irc the subject of subseiiuent charts 

The staging depot ioc.ited m LI (1 Im tnetil O c>>nstiueiu'>n option o si/ed to supt'ort the construc- 
tion ot one satellite per vcai. and accordmglv requites one Sl’.S eonii'onent OE\ tlight pei dav . 
based on a five d.iv .i week l.iuneii .iiul tlight sehedule \s such, the depot must provide accommo- 
dations for three launch vehicle p.iv I '.kK. one being the SI'S components .iml the other two being 
propellant tankers iiscil to rcluel the orbit li.ii’sfer vehicles. Since the oibil traiisier vehicle pu'- 
pellant loaihng requires shgntiv mote propell.ml ih.m can be provided bv two t. inkers, a storage 
tank IS .ilso punidcil at the staging depot .ind is leluled cver> touith () L\ llight Uthei disking 
accommodations are proviiled lor .i dedic.iieil Ol \ useil for (.d O ciew rotation resuppK o,i .i once 
jicr numth basis. I his opei.itioii .ilso lequiies docking lor siipph Mod.iiles .iiul crew tr.iiisler 
vehicles Eh. ojvi.ition.il crew si/e tor the st.igmg ilej'oi is "5 wliuh e m be ,iecomniod.iti.d m one 
module similar to the cievv modules usevi m the <11 () construction b.ise ,\ tiansient crew quarters 
nutdiile IS also jnovulcii to .iceommod.ite the l(><l jv onnel roi.ited with each crew llight to the 
GEO base. ,-\ maintenance moilule is also included at this base for repair work j'lmianL 'n the Irans- 
jH>rtalion systems. 
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2.2..^ Saiellite and Antenna i'oivMniction Operations 
Satellite Constmetkm 

Tlu' li t) constnu'tu'n o|vrations iswiatcd with the photo\oltaw satellite ba\e pretiously iH'en 
shown and desenlvd. ht I'lgure 2'.to. the o|X'rations are illustrated in a shgtitU dilTerent manner in 
order to show a mom direct comparison with the tll O constructed satellite, l ach satellite iiuhIuIc 
IS four Ki\s wide and ei^iht ha\s lonjt Hie module lacilitN is lour l>a\s wide and coiisetpienlly can 
construct a complete width of the module and lesiilts in mdevmg the module only m the longitu- 
dinal direction. 

ITie til () constructed satellite is numolithic in design talthough it cmild also K' nu'dular. if so 
desiiedi and as a result has a coiistiuctu'ii width of eight Ki\s. In older to v'btain this width with 
the s.mie si/e facilitx ileast mass and cost) as alii) constiuc'.on base. iiuleMiig of the satellite is 
retiuired in two directions as indicated m I igiire 2 -.’ in general. iVnu bavs of tiic s.;te!!:!e are 
under construction at one ue With then completion, thtsse b.i\s are nuned lateralh and the 
leinaining four bass ol that tow are constructed. When a gixen row is completed, it is then mdesed 
in a hmgitudinal duection and the constiuction »xperatioii is retHMted In ordei to accomphsh the 
lateral indesing in onl\ two steps, outriggers haxe been added to tlie side of tiie viteiiite tavihtx to 
enable mdesing ot tv'ui bass outside tlie eonstiuclum enxelope 

\nieniia i'onstriiclion amt Installation 

■\ntenua eonstiuetion .iiul uisi.iHati.'u aKo I'lesents some signilicant >lilTerences m the two eoiistiuc 
tion location options Xe.iin. the photvwoltaie I I O eonstiuetion appio.ieh has been piesented in 
the pi'wei I'enei.iiion s\xieni eoiupaiison. but is slu'wn in I iguit 'S m a in.uiner t«' nuke .1 nioie 
diieet eompaiison with the id it e»'nstuu'tuMi appioaeh !n smuiuaix . the >oke suppoit stiueluie 
o! an antenna o ni.ule in the module l.ieditx and in between the thud and lonitli modules 01 
between the seventh 01 eighth nu'dnU s vlepending. on whethei it is the inst antenna oi seeoiui 
antenna being bmlt I lie .mtenn.i is m.ule in its taeilitv wliieli lemams peim.in-'iitlv all.ivhed U' the 
module t.ieditv i onslineiion ot eithei the tonith 01 eighth iiuslnle is then paitiallv eompleted and 
the .intenna .ind voke .ni.iehed .it its piopei loeaiu'ii I .'How mg nu'.lnle ..'nstiueti.'ii e.'iiipleli.'n, 
ihe antenna is i.'t.ile.! im.iei the nu'.lule l.'i tiaiislei l.'id t' t'nee i*l i' is lea.he.l. the .mtemu is 
ii't.ite.l baek up I.' its .'peutmg. I'oMtu'ii 

I he id i) eonstmetu'ii eoneei'i also nlih.-.'s sepaiate satellite aiul antenna laeihties ll.'wevei, in tlie 
leleieiiee ease nuluated. the .ui'enn.i l.ieihtv with antenna is le.tune.l I.' liee ll\ t>' Ihe opp.'site en.l 
.'I the s.itelhle .m.i baek .is ilUisti.ite.l m I leuie It slu’iiUl be n.’te.l .it this point, that the 

antenna e.'nsinieli.'n inst.ill.iti.'n .ippu'.ieh m.lieated has been in.lge.l t.' be »'ne .'1 the best. il n.'t 
Ihe best, .'ptu'ii l.'i this p.ntieulai i.isk i ■•’lit othei .'pti.'iis, mv.'bmg. vaualu'iis .'I the antenn.i 
i.u ililv lem.iming. aU.uhe.i, otheis with it m.lepeiulent. an.l aK.' two sep.u.ile antenna t.ieilitu . weie 
iinestig.iled .ind .ne lepi'ile.l in the liiul .U>. imientati.'n 
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In summary, the reference approach consists of the first antenna being made while the first half of 
the satellite is construe’ cd including the yoke and support ^tructure. At that ps»int. the antenna 
facility with antenna is llown to the end of the satellite and docked and the antenna then attached 
to the yoke. The antenr.a facility is then flown back to the satellite facility (the short tenn separa- 
tion of the two facilities simplifies the logistics problem in tenns of supplying antenna coni|X>nents 
as well as living quarters for the crew K The remaining half of the satellite is then constructed, 
including a second yoke, while the antenna facility constructs the second antenna. Indexing of the 
satellite facility to the extreme edge of the satellite allows the antenna facility to be positioned j 
enable placement of the antenna into the yoke. 

2.2.4 Crew Requirements 

Then.' is es,sentially no difference in orbital crew si/e between the two construction kKatioii con- 
cepts. although the distribution of personnel is considerably different as shown in Figure 2-40. 
Crew si/e for the main constniction base indicates 480 people in TTO concept while this same num- 
ber is required in (il O foi the (il O concept. Staging depot and final assembly manning require- 
ments are also found to be nearly the same. 

2.2.5 Environmental Factors 

Several key en» :tonmental factors shoiiKi be considered when comparing the two ce’iistruction leKa- 
tion options. A summary e^f these factois is presented in Fable 2-5 plus an additional chart dedi- 
caieet til tile topic O’, cidhsion with, man-made obiects. 

The priHvipal ditlcrence I'etween the two CiMisiructioii loc.ition optie’iis. in terms of natural radi- 
tion. is tile l.irge amounts of si 'i.ir Hare slueldmg which must be provided lor all crew modules 
locateii at (ifO Steady -state r.iili. tioii would make 1 \ A at lilt' ci'iisuierat'ly worse than .it 1 lO 
althougli only ,i i\ire iiiinimiim ol suit 1\ \ is anlKipated in either c.ise. 

Osculations ot the consiructu'ii base at lit) occur 1 5 tniK's .i day . while a base at til () is only 
sKculted SS limes per year. Fhe principal effects o: occultaiion are on the electrical power supply 
and thermal aspects of the structure. In the case ol power requirement, the UFO option reqiiirs's 
less power due to not li.iving to recharge nickel liydrsigen battcris's iiss'd for the occultation. The 
penalty for the larger power system is relatively small, luwvever. when one is m the era ol low mass, 
low cost solar array . Altliough a l.l O bass- is certainly more continuously illuminated, the con- 
struction base itself produces siiadv’ws Consequently . both construction locations require a large 
amount ivf pmver for lighting piirpiiscs, I'se ol graphite epoxy structure in both the satellite as well 
as the construction base structure should minimi/e the impact of thermal effects. 
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PRIMARY CONSTRUCTION LOCATION 


Figure 2^. Crew Size and Distribution 


Table 2-5. Environmental Factors Suminar> 




FACTOR 


LEO BASE 


geo BASE 


• RADIATION 

• SOLAR FLARE 2 3 GM/CM^ 20-2S GM/CM^ (115 000 KG/100 PEOPLE) 

• EVA SO. ATLANTIC STEADY STATE IS WORSE 

ANOMALY RESTRICTION 


• OCCULTATICN 

• BASE POWER REQTS: 

• LIGHTING: 

• THERMAL EFFECTS; 


3000 KW 2S00 KW 

• REQ’D AT BOTH LOCATIONS (.', OF 100-150 KW) 

• NO SIGNIFICANT DIFFERENCE IF GRAPHITE EPOXY IS USED 


• GRAVITY GRADIENT & 
DRAG: 


• GRAVITY GRADIENT CONST MODE USED FOR BOTH LOCATIONS 

• LEO PROP REQT GREATER BY 800 KG/DAY 


• COLLISION WITH MAN- 
MADE OBJECTS 


• POTENTIAL GREATER FOR LEO BUT AVOIDANCE MANEUVERS 

• REDUCE PROBABILITY TO NEAR ZERO 
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MosI construction concepts will orient the construction base so it is passively stable tor attitude 
control and ininiinize gia\it> gradient torque. Althougli the LhO construction case required con- 
siderably more orbit keeping attitude control propellant per day, it still results in less than one 
HLL\ launch per year tor this propellant makeup. 

Large amounts ot debns trom man-made space systems have resulted in some concern regarding 
LEO construction. The analysis conducted has indi>.ated the (votential is greater with construction 
in LEO however, simple avoidance maneuvers can a-diice the probability ot being hit to near zero. 
Eiirther discussion on this topic is presented in the following paragraph. 

Collision .Analysis 

Tiie collision anaivsis has been done for an environment predicted for the year 2000. including an 
addition of 500 objects per year since I ‘>'’5. Results of this analvsis are shown in Eigiire 2-41 . 

This data indicates that the LI () eonstraction approach could have fortv additional collisions 
if no preventive action is taken However rescheduled orbit altituvle corrections can essentially 
eliminate the problem of collision vvitli little or no additional penaltv. flmist initiation v>r 
termination during oribit transfer can also be used to prevent collisions. In suirinarv . there should 
be no difference between the two concepts regarding the number of collisions although the LEO 
construction aiq’roac! does require slightly different operations, including the use of the tracking 
and vvarning sv stems. 

2.2.6 Cvmstruction Mass and Cost 

The companion of the iu.isn aiul cost .issociatcil with the orbital bases .md their equipment is pre- 
Ncnted m f igure 2-42 I he LI O ct'iivtruetion appro.ich h.is orbital bases which arc appro\imalel\ 
0.5 million kg liehter .iiid cheaper by 0 5 billion 

2.2.7 Satellite Design Impact 

The ricsign impact on the satellite foi tite case o( I I () construction and scif-i'owcr has been des- 
cribed earlier in the description of the photovoltaic satellite. A summary of the key impact areas is 
prcss’iited m I able 2-(v In the are.i of solar .irr.iy. an ovcisi.'ing of 5 percent has been included to 
compensate lor the inability to completely anneal mit .ill the il.image to the cells caused by radia- 
tion occurring during translcraiul tor the mismatch in voltagi.’ output between the ilamaged and 
undamaged cells 

The slmctural impact includes both Ih.il of moilularily and oversi/ing. Modularity includes adili- 
tional vertical members used around the perimeter of the satellite module and lateral beams at the 
end of the modules as v ell as the penalties for the traiisfei of the I 5 million kg antenna supported 
underneath the module. (It should be noteil iliat all module structure has been si/eil to that 
dictated by the modules used to ir.mslei the antennal 
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Figure 2-41 . ('ullisions with Man Made Objects 
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PRIMARY CONSTRUCTION LOCATION 


I'igure 2-42. Construction Mass and Cost 
Photovoltaic Satellite 
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Table 2-6. Satellite Design Impact Siinnnarv 
H'O Constriicti4»n 


SELF POWER TRANSFER 


ir:pACT 

REA.SON 


PENALTY 


• SOLAR ARRAY 

• OVERSI2ING FOR 

RADIATION degradation 

• 

2.75M Kg 

D> 

• STRUCTURE 

• MODULARITY 

• 

1.C7MKg 

[> 


• OVERSIZING 

• 

0J34M Xg 

• poy;er distribution 

• EXTRA LENGTH DUE 
TO OVERSIZING 

• 

a07M Kg 

[> 

function OF self power performance 
characteristics 
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The power distributiou penalty is related to the additional length of bus caused by the oversizing 
of the array. The total mass penalty for a LF.O consructed satellite is approximately 4.2 million 
kg for the selected self power transportation system. It sitould be noted however that the array 
oversizing and power distribution penalty depend on the particular perfonnance characteristics 
selected for the self power system. 

a' 

2.2.8 Transportation Requirements 

Transportation requirements associated with the payloads of each construction location concept are 
shown in Figure 2-43; there is no OTV propellant mass included. 

The difference in satellite mass only reflects the structural mass penalty of the additional vertical 
and lateral ntembers and loads caused by transfer of the antenna. Oversizing and power distribu- 
tion penalties are all a function of orbit transfer characteristics and consequc ly are chargeable to 
the orbit transfer system itself. 

Difterences in crew and supply requirements delivered to LEO primarily reflect additional orbit 
keeping alt'Uide control propellant requiremenis. The key difference, however, is in the mass 
which must be delicered to (iliO. 

I acility transportation requirements reflect the initial placement task as well as in the case of the 
GFO bases (both options), that mass that imut be moved to the longitude location where the next 
satellite is to be constructed. 1 he principal difference in the two main construction bases is that the 
six crew modules in the (il:0 concept each have approximately 1 1 000 kg of additional mass for 
solar flares shelters. 

2.2.9 Satellite Orbit Transfer Complexity 
Concepts 

Prior to comparing the overall configuration characteristics of the orbit transfer options, a review of 
tile basic propulsion systems seems appropriate. \ simplified schematic and key operation charac- 
teristics arc presented in Figure 244, Chemical systems using LO-. Ills have demonstrated an Igp 
of 420 sec. .‘\n important factor m the consideration of a LO-. I lls system for SPS application is 
that It must be reusable because of economic considerations. 

The electric propulsion system involves more system elements but has several significant benefits m 
terms of ot'ier,ng an li^p of ’ 500 sec and the syst-’in does not have ti> be recoverable for economic 
viability. Although 1 20 cm argon thrusters and baseline power processing system has not been 
demonstrated, ion propulsion systems using mercury and 15 cm dia thrusters have been lliglit tested 
and thrusters up to 1 50 cm have been ground tested. 
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Conflgurations 

The self power orbit transfer system used in the LEO construction approach has previously been 
shown in the power generation system comparison and is shown again in Figure 2-45. In summary, 
electrical power generated by the solar arrays is used to power ion electric thrusters which use argon 
propellant. LO^/LHs thrusters are also included to provide attitude control during all occultations 
and during short periods of time early in the transfer (up to 2 500 km altitude) when thrust 
required to counter gravity grading torque is greater than that provided by electric thrusters. 

The cost optimum trip time and ISp are respectively 180 days and 7.000 seconds. Variation in 
number of thrusters, propellant tanks, etc. do occur in the design to compensate for the case of 
whether a module is being transported alone or with an antenna. 

The GEO construction OTV is a space based common stage (2-stage) system with both stages 
having identical propellant capacity. The configuration and mass characteristics for this vehicle are 
shown in Figure 2-4o. Tfie first stage provides approximately 2,3 of the delta V requirement for 
boost out of low earth orbit at which point it is Jettisoned for return to the low earth orbit staging 
depot. The second stage completes tne boost from low earth orbit a** well as providing the remain- 
der of the other delta V a-(;uirements to place the pav load at CiEO and the required delta \ to 
return the stage t!;e LFO staging depot. Subsystems for each stage are identical in terms of 
design approach. The basic difference includes th.e use of four engines in the first stage due to 
Ihrust-to-w eight requirements of approximately 0.15. The second stage requires additional auxil- 
iary propulsion due to its maneuvering ret|uirenients m the tiocking of the payload to the construc- 
tion base at GFO. The OTV shown has been sized to deliver a pa>load taken dircctlv from the 
launch vehicle (400 000 kg>. As a result, the OTV startburn mass is approximatelv 800 000 kg with 
the vehicle having an overall length 5(> meters. 

Flight Oiwrations 

1 light operation differences between the two orbit transfer vehicle options is influenced by their 
orbit transl'er time. In (he case ol the self power s\ stem illustrated in Figure 2-47. as many as 1200 
revolutions around the l a rth occur prior to reaching Gl.O when using a 1 80 dav transfer. The 
flight schedule including a 40 dav construction phase indicates as many as five modules can be in 
transit at aii> one time foi the case of 8 modules per satellite. 

The mission proflie loi the common stage LOs LMs OTV forGI O construction is shown in f igure 
2-48 and iiulicatcs a 40 hour mission reviuirement for the first stage and 85 hours for a second stage 
which delivers the pav load. These times include about I 2 hours for refueling and refurbishment 
of each stage. V\ ith the rcciuiremenls of one OfV (light per day with the GfiO construction option, 
a total of two lower stages .md four upper stages are required. Operated m this manner, as many as 
SIX independently operating stages can be in flight at one time. 
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2.2.10 Crew Rotation Resupply Transportation 

Crew rotation n:>upply systems consiNt of a shuttle grow th v ehicle for delivery of jK'rsonnel to LKO 
and the standard two-stage ballistic ballistic launch vehicle for delivery of supplies and proivllant 
to LtO, The utilization of these vehicles is showm in Figure 2-4*^. Crew and supply delivery' 
between LFO an<i (iFO use a two-stags' LO^ LIH OT\'. The OTV for the LFO -oncept is about 'i 
as lai?:e as that for the CiF.O concept and res|uires one-third as many flights because of the signifi- 
cantly fewer psople at GFO. Since the total orbital crew size for the two concepts is about the 
same, the number of delivery fiights to LFO are also die same. Cargo flights to LFO. however, are 
three times greater for the GFO approach prim;*. !y due to the large OTV pro|X'llant requirements. 

2.2.1 1 Launch Operations 

Total cargo nia.ss which must be handled by the launch vehicle are shown in Figure 2-50 and reflect 
both the pay load re^luirement^ indicated earlier and the OTV propellant and hardware require- 
ments. For the three system elements that rei|uirc transportation, payload requirements are not 
too different, however, the incli;sion of the orbit transfer system requirements add significantly 
to the total mass which must be delivered b\ the HLLW .Xsain. it should be emphasized that 
the satellite transportation requirements are by far the most dominating. 

.-\s previously stated, the reference cargo launcli vehicle is a two-stage ballistics ballistic device 
using lO’ RP in stags' one and lO- Llls m stage two. Lhe configuration and performance 
associated with thisvehicle is shown mi 1-igure 2-51. GLOW for this system is approximately 10.5 
million kg lor llie case of vlehvering .>‘>1 000 kg to the construction base or the staging depot 
located in LFO with <vrbit characteristics of 4 km altitude .iiul .'I Jegrs-es inclination. Vehicle 
operations include first stage separation at a relative velocity of 2‘>T0 meters per second and down- 
r..nge water landing approxiinaiely S I 5 km. I he secoiul stage ileliveix the pay load to the LI O 
Ixise; docks and returns tine day later and also uses a water landing. 

\ most sigmllcanl iinp.ict in the area of launch operatmns is the difference in the luimlvr of 
launches rei|uired to support each construction location option. I he number of flights indicated 
in Figure 2-52 are only those relating to tlie delivery of satellite components and orbit transfer 
provisions for the satellite aiul are lor the case- of constructing four satellites per year. .\s would 
be expected from the transportation reo.-.iirements ehart presented earlier, the LFO construction 
option rev|uires only one hall as many I arlh l.ninclies a> the (iFO construction option. 
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2.2. 1 2 TniKportatioii Costs 

Total transportation cost I’o*" the three major system elements is presented in Figure 2-5.^. Cost is 
related to that associated with one satellite, but reflect rates associated with four satellites per year. 
The Kaith-LEO bar increments reflect the cost of getting payloads to LEO. Accordingly, tlw LEO- 
GEO iiK'iement relates to • ost of refueling orbit transfer vehicles and their unit cost. In tlw case of 
satellite delivery. tiK inten.'st increment relates to the self power trip time of 180 days and the addi- 
tional interest accrued. (Note; Revenue is not lost, only delayed 180 days the same revenue 
period still exists.) 

The dominating factor in this comparison F that satellite transportation with LEO constructimt 
using self-|X)wer provides a S2 billion )53'r savings) txer the CEO construction approach. Crew 
rotation reaipply transportation cost are also SI 50 million (.56'; ) lower for the LEO constniction 
concept along with a S200 million savings for the initial placement of the construction bases. 

2 .2. 1 3 Construction Location Summary 

.A summary comparison of the LEO and GEO constniction locations is presented in Table 2-'^ with 
an indication of which approach is most desirable Cixnparcd in this manner, a number of param- 
eters result in no significant differences between the two constniction location options. Howev er. a 
number of parameters give a clear indication that LEO constniction is most desirable. Most notable 
among these being transportation costs, simplified launch operations, and '■educed constniction base 
mass and costs. One parameter has been judged to be in favor of the tiEO construction approach 
HIk' impact on satellite design! although this data is then fed into the transportation comparison 
which still favors the LEO constniction approach. 

2.3 CONSTRUCTION TRANSPORT.\TION CONCLUSIONS 

The concIusion> reg;irding the inmics of power generation ^\sleln coinpariM'n and constniction Ux'a* 
tion comparison as influenced by constniction and transportation factors arc \hown in l ablc 2-8. 
This data iiubcatc a distinct advantage for a photovoltaic satellite K R=1 1 constructed in low earth 
orbit and transported totd O using self power. 
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Tabfe 2-7. Construction Locatioa Summary 




LOCATKM 

JJtS. 


GtO 


mTwwAte 


• OONST.MSES 


NO SGMF. DIFFERENCE 


• SATELUTErWR«N>COieT 

• ANTENNA MSTAUATKM 

• OOieTRUCTION EttNF 

• CREN REOINREMENTS 

• ENVIRONIffiVTAL FACTORS 


NOSNiNIF.OffF. 

V 

NOaCNIF.OIFF. 

V 

NOSMSNF.OIFF. 


• CONSTRUCTION MASSA COST 

• satellite DESIGN IMPACT 


• ORBIT transfer COEWLEX 

• LAUNCH OFERATIONS 

• TRANSPORTATION COST 


V 

V 


V INDICATES MOST PROMISING CXINCEPT 


• SAME CO>eST BASE 

• ST AulNG depot n 
FmAL ASSY FAatlTV 

• 1 n 7 DIRECTION INDEXING 
OFFSET BY MODULE OOCKBIO 

• ANTENNA FACILITY 
DOESN'T MOVE 


• SAME SIZE BUT MAJORITY 
AT LEO 

• ALL factors CAN BE 
HANDLED WITH ACCEPTABLE 
solutions 

• LIGHTER laSM K«. 7%) 

• CHEAPER (SaSS. 61b) 

• NO A OVERSiZING. modu- 
larity OR POWER OIST. PENALTY 

• both USE ELEC. PROPUL. ACS 

• APPROX SAL1E NO. VEHICLES M FLT 

• TECHNOLOGY MORE ADVANCED 

• ONE half AS MANY LAIWCHES 

• CHEAPER (S2B. 33%) 


Table 2-8. Constniction/Transportation CoiKhisions 

• THE PHOTOVOLTAIC SATELLITE (CR - 1) OFFERS SIGNIFICANT ADVANTAGES 

• LESS COMPLEXITY IN FACILITIES AND CONSTRUCTION EQUIP 

• SMALLER CONSTRUCTION CREW 

• LOWER CONSTRUCTION COST 

• LOWER TRANSPORTATION COST 

• LEOCC ;TRUCTI0N OFFERS A SIGNIFICANTLY LOWER TRANSPORTATION COST. 
OTHER FACTORS ARE COMPARABLE: 

• CWSTRUCTION OPERATIONS 

• SATELLITES IN EITHER CASE REQUIRE ELECTRICAL 
PROPULSION AND 3 AXIS ATTITUDE CONTROL 

• ENVIRONMENTAL FACTORS CAN 3E HANDLED 
WITHOUT EXCESSIVE PENALTIES 
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3.0 CONSTRUCTION 


blank tm Fujtm 


3.1 INTRODUCTION 

This section contains the construction analysis for the two types of satellites and construction 
location alternatives; 

• Photovoltaic satellite LEO construction (Sec. 3.2.1 ) 

• Photovoltaic satellite GEO construction (Sec. 3.2.2) 

• Thermal Engine satellite LEO construction (Sec. 3.3. 1 ) 

• Thermal Engine satellite GEO construction (Sec. 3.3.2) 

3.1.1 Objectives 

The objectives of the construction analysis were the following: 

• Assist the satellite system designers evolve configuration designs that incorporate in-orbit 
construction considerations. 

• Analyze the configurations to determine a rational construction task bieakucwn. 

• Design facilitized construction approaches. 

• Define the overall integrated construction sequence. 

• Develop detailed construction approaches for each major construction task to a sufficient level 
of detail that feasibility is obvious. 

• Determine the envelope and functional requirements for the major construction equipment 
items. 

• Design the base cargo handling and distribution system. 

• Define a crew organizational concept and estii.ijte the crew size. 

• Compare the construction differences between the two orbital construction locations. 

• Estimate construction base and equipment mass and cost. 

• Provide inputs to the component packaging analysis that detenu ines how many Earth launches 
are required. 

• Refine the collision with manmade objects analysis of Part I. 
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3.1.2 Construction PhUosophy 

During the course of the construction analysis a distinct "style” or "construction philosophy” 
began to emerge that characterizes our approach to orbital construction (Table 3.1-1 ). This 
philosophy will be evident in'both the photovoltaic and the thennal engine satellite construction 
analyses. 
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Table 3.1-1 Construction Philosophy 



CONCEPT 


RATIONALE 


• USE CONSTRUCTION FACILITIES • 


• DECOUPLE CONSTRUCTION • 

OPERATIONS 


• FABRICATE MAJOR SUB ASSEMBLIES • 
IN PARALLEL 


• MAJOR SUB ASSEMBLY BASE AREAS 
ARE CONTIGUOUS (THIS WAS NOT 
POSSIBLE FOR ALL CASES) 


• USE INDEXING/SUPPORT MACHINES • 


NON FACILITI2ED APPROACH WOULD REOUIRE 
CONSTRUCTION EQUIPMENT TO BE MOUNTED ON 
SATELLITE STRUCTURE. THIS WOULD REQUIRE 
EACH SATELLITE STRUCTURE TO INCORPORATE 
EXTRA STRENGTH (EXTRA MASS) AND BRING 
ABOUT COMPETITION FOR THE SAME SPACE AT 
THE SAME TIME BY THE CONSTRUCTION 
EQUIPMENT. 

CONSTRUCTION OPERATIONS MADE AS INDE 
PENDENT OF EACH OTHER AS PRACTICAL SO 
THAT SLOW DOWNS IN ONE OPERATION DO NOT 
IMPEDE PROGRESS OF OTHERS. 

MAJOR SUBASSEMBLIES SUCH AS THE ANTENNA 
AND THE MODULES ARE ASSEMBLED IN SEPAR 
ATE BASE AREAS SO THAT THE MAXIMUM CON- 
STRUCTION TIME IS AVAILABLE FOR EACH 
ASSEMBLY. 

ALL OF THE MAJOR SUBASSEMBLY AREAS ARE 
INCORPORATED INTO A CONTIGUOUS BASE. 

• ALLOWS MATERIAL AND PERSONNEL 
LOGISTICS TO EMANATE FROM A COMMON 
CARGO HANDLING OR WAREHOUSE AREA. 

• ELIMINATES NEED FOR FREE-FLYING 
DOCKING OF SUBASSEMBLIES . 

THE SUBASSEMBLIES ARE SUPPORTED AND 
INDEXED BY INDEXING SUPPORT MACHINES 
THAT MOVE ON FACILITY TRACKS. THE SUB- 
ASSEMBLIES ARE NOT SUPPORTED OR INDEXED 
BY THE CONSTRUCTION MACHINERY 


SEQUENCE OF LISTING DOES NOT 
IMPLY RELATIVE IMPORTANCE OF 
THE CONCEPTS 
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CONCEPT 


Table3.l-t (Continued) 
Construction Philosophy 



RATIONALE 


• USE FACILITY TRACK SYSTEM 


• USE HIGHLY AUTOMATED 
CONSTRUCTION MACHINERY 


• USE CASSETTES FOR THE LARGE 
QUANTITY PARTS 


• OPERATORS USED FOR SUPERVISORY • 
CONTROL 


• COMPONENTS FABRICATED ON • 

EARTH AND THEN ASSEMBLED 
IN ORBIT 


ALL MOVING MACHINERY TRAVELS ON A COM- 
MON GAGE FACILITY TRACK SVSTEM. THIS 
ALSO PROVIDES ACCESS TO ALL MACHINES BY 
RESUPPLY AND PERSONNEL TRANSPORTERS. 
THIS AVOIDS USING FREE FLYERS OR COMPLI- 
CATED CABLE TRANSPORT SYSTEMS. USING A 
COMMON GAGE TRACK SYSTEM WOULD ALLOW 
A COMMON SELF PROPELLED TRANSPORTER 
MODULE TO BE DESIGNED THAT WOULD BE CON- 
FIGURED TO ADAPT TO SPECIFIC PAYLOADS. 

THE LARGE QUANTITY. HIGHLY REPETITIVE 
ASSEMBLY OPERATIONS WILL REQUIRE A HIGH 
DEGREE OF AUTOMATION IN ORDER TO ATTAIN 
A SATISFACTORY PRODUCTION RATE USING A 
MINIMUM OF IN ORBIT CONSTRUCTION 
PERSONNEL. 

TO ADAPT TO THE HIGHLY AUTOMATED PRO 
CESSES AND TO REDUCE COMPONENT HAND- 
LING, IT WILL BE NECESSARY TO HAVE THE 
PARTS FABRICATED ON EARTH PACKAGED FOR 
SHIPMENT TO ORBIT IN CASSETTES THAT CAN 
BE LOADED DIRECTLY INTO THE ASSEMBLY 
MACHINES WITHOUT REPACKAGING. 

THE OPERATORS WILL EXERCISE SUPERVISORY 
CONTROL OF THE CONSTRUCTION MACHINERY 
WHEREVER PRACTICAL IN ORDER TO GET MAN 
OUT OF THE LOOP SO THAT THE HIGH PRODUC- 
TION RATES CAN BE ATTAINED. NO "HANDS ON" 
ASSEMBLY OPERATIONS TO BE USED. 

FOR THE FIRST FEW SPS S, T.HIS APPROACH IS 
MORE FEASIBLE THAN BRINGING RAW OR PAR- 
TIALLY PROCESSED materials INTO ORBIT 
AND THEN CONVERTING THEM TO COMPONENTS. 



SEQUENCE OF LISTING DOES NOT 
IMPLY RELATIVE IMPORTANCE OF 
THE CONCEPTS 
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3.2 : HOTOVOLTAIC SATELLITE CONSTRUCTION 

This section contains the construction analysis of the photovoltaic satellite. There are two con- 
struction approaches that were analyzed; 1 ) LEO construction -wherein the satellite is assembled 
in modules at LEO and then the modules are self-powered to GEO and joined together to form the 
total satellite (Section 3.2. 1 ), and 2) GEO construction -wherein the satellite is constructed as a 
contiguous unit at GEO (sec Sec. 3.2.2). 

In the following sections, for both of the satellite types, the LEO construction approach is 
addressed in detail and then the GEO construction approacn is analyzed to illustrate its differences. 
In the detailed construction analysis sections, the construction tasks, construction facilities, con- 
struction sequences, construction machinery', logistics systems, manning and mass and cost 
estimates are described in detail. 

3.2.1 LEO Construction Concept 

The reference photovoltaic sateilite configuration for construction in LEO is shown in Figure 3.2-1. 
The LEO construction concept is illustrated in Figure 3.2-2 and entail' constructing 8 modules and 
2 antennas at a LEO construction base, deploying a portion of tlie solar array on each of the 
modules to provide power tor the self-power transfer to a GEO base w here the modules arc joined 
together and the antennas erected. 

The construction operations at the LEO base are described m Section 3.2. 1 . 1 . 1 and those at the 
GEO . ^.se are described in Section 3.2.1. 1.2. 

The top-level construction timeline is shown in Figure 3.2-3. This timeline shows that the LEO 
construction operations are compK ted after 340 days nave elapsed and that tlie completed satellite 
is ready to generate power after .s80 days. 

Other Options 

Other LEO construction concepts were considered but were discarded: 

• 16 Modules litis concept was the baseline at Part I of this study. It was discarded after 

considering the difficulties of docking modules and controlling two edges as well as reducing 
the moduia''ity mass penalty. 
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• EIGHT MODULES 

• ^7 MILLION kg 

« 1300 km OF 20 M SEAM 

• 102 km2 OF SOLAR AR.TAY 

• 66 km OF power BUSES 

• 1.6 km^ OF ANTENNA SURFACE AREA 


Figure 3.2-1 Photovoltaic Satellite Lonriguration 
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Figure 3.2-3 Photovoltaic Satellite LEO Construction Timeline 
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• C«istnict anienna at GEO-this was considered as an optk>n to avoki having the diffkutties in 
attaching the asembled antenna to a module at LEO and to avoid mstaUatkm pioMems at 
GEO. This approach was abamioned when satisfactory solutiotis to these pn^lems were 
found. It was also determined that it would be significantly less expensive to construct the 
antenna at LEO due to the crew tran^iortation and resupply cost associated with placiiig large 
numbers of {H’oplc at GEO. This option is discussed in greater detail in Section 4.3. 

3.2.1. 1 LEO B»e CrmstroctiM Andy» 

In thfi mtion. the LEO operations are desenbed in detail. This b followed by dbeu^ons of the 
LEO base, environmental factors, crew operations, and the cost and mass summaries. 

3.2.1. 1. 1 LEO CiMisliiK'lion Operations 

3. 2.1.1. 1.1 Top-Level LEO Construction Tasks 

TIk ermtf ruction tasks to be acomiplidied at the LEO base are summarize in Figure 3.2-4. Each 
of the» construction tasks are described in detail in the following sections. 

3.2.1. 1.1. 2 LEO Construetkm Bee 

The construction base to K* used at LEO to accomplish the tasks described in the previous section 
is shown in Eigure .’.2-5. There are two primary constructicn areas: I > a module construction area 
(also used to constnict the yokel and 2l an antenna construction area. These two areas are con- 
nected into a contigiKHis stnictiire. Section 3.2. 1 . 1 .2 describes ihe base in greater detail. 

Other Options 

Other base concepts were considered hut were discarded; 

• 2X2 bay facility This concept would entail the use of a facility that looks very much the 
same as siuiun only it would be 2 bays wide instead of 4. This wouki require the module to 
be indexed laterally through the facility as well as longitudinally. This cimccpt would be a 
good candidate if it were not for the need to use 4 solar array deployment machines. If the 
solar array deployment rate could be doubled, then only 2 machines would be required and. 
henct.. the 2x2 bay facility would be a good choice. 

• S X 2 bay facility This concept would entail the use of a facility that looks very much like the 
one shown except that it would be twice as long. It would, therefore, make the satellite 
module along the S-bay widtii instead of t'lc 4-bay width. A facility this large would be 
icquireil if it were neces.sary to douole the production rale or if it was found that solar array 
deployment could proceed only lialf as fast as predicted. 
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3.2.1. 1. 1.3 Top-Level Consmicrioii Se qu e nc e and T mi c ia c 

The conviruction .veqiKnvC tor Ihc module is ^own in Figure 3.2-h. The moduk construc- 

tion tmeline is shown in Ficun: 3.2-T. There are 40 day s allotted to c«istruct each moduk. 

The lopdev-el construction sequence for the antenna /yoke assembly is diown in Figure ^. 2 - 8 . The 
topdevel consiruetkm sequence for the antenna is shown in Figure 3.2-4. Each of these maior 
eimsiruction sequences is des^nbed in detail in the followine sections. 

J.2.1. 1.1.4 Moduk Detaied CoitstractitNi .\nsdyw 

3.2.1. 1. 1.4,1 Stnictuiai AssmiMy 

TTk structural assembly concept to Iv described below is only one of &*veral cu,-.”'eiing structural 
owicepis. The rationak for the seketton of the structural ccmcept is addrem'd in Volume 3. 
Section 5. 1.1,5. l>ata pertaining to the si/ine. mas.s. and cost estimate of the seketed structural 
OTicepI is addrewd in Volume 3, &ction ft. 1 . 1 . 1 .2.2. 


As the details of the constructitm of the M*kctei.t sinicUiml concept are discu-sed Kiow , some of 
the ahemalivt. concepts w ill be addu’ssed. 


The s,mcUirai concept to he discussed in this section is desenbed by the following nomencLituie; 


Bi-ain Type 
SI nil Type 
Strui-iis-Stnil 
Joint lype 
Franu- lyjx' 
Bcani-tts-Bcam 
Joint lype 
Be .1111 Machine 
I ype 


Pent jlK'dnil or Py ramid Beam 
l.i|X' red Nested Stmts 
SUkl-in-stxrkel. l iteral assembly 

Segmented I tame 
I .ip Joint 


Mov. 


Articulatcvl 20 meter Beam Machine 


The K'am conliguration is shown in Figure 5.2-10. The K'ain shown is referrevl to as a 20m beam. 
«}J frail’-'. ct|iiipmcnl. ami f.icdil.x *linicns;ons and .ill timeline analy st's aa* bast'd on this 20in beam. 


Strut AssernWy 

riie tape' .1 h.ilt stnits wmI be m.imii.u lured on I .iitli I lure will bo tiiffcrcnl stmt h.iif Icngtiis 
I lOni. I ; .Jm. and 14 1 5m 1. I lies^' half stnits .oc nested to form 100 piece units, with sctcral of 
llicsc units liu'ii pul mil’ .i dispciisin.!! ui.iea/mc as shown m I igure ,v2-I I ( l lu’ number of units to 
.1 maga/inc would be set so that the mac.i/me has to be eliangotl out of the beam niaehino only once 
.1 tby at most. I I liese m.i.ea/iiu’s wouK! be ilelitered It’ the LI t) eonstnietion base where they 
would then be delivered to the Iv.im maehme and inserted into strut assembly niaehines that are 
|varl ol the beam maeliine. 
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□ INSTALL SOLAR ARRAY BOXES BAYS 21-24 
□ ASSEMBLE FRAMES BAYS 29-U 
MBSTM.L SOLAR ARRAY BOXES SAYS 25^23 □ 

DEPLOY SOLAR ARRAY BAYS 29-32 


A^MBLE THRUSTER SUPPORTI — I 
STflUCTURE/INSTALL THRUSTERS/ 
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Fi| 3 ire 3.2-7 Module Construction Timeline 
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Ai^ilSLE YOKE & 
TOTARY JOIMT 
IKTWEENtlOOULE 
3A4M07&8I 
• MOVE YOKE TO SOE 
OF FACILITY 


(XmST 3 HOVIS 
OF BAYS 

• COMPLETE ANTENNA 

• ATTACH ANTENNA 
TO YOKE 


(?)• (X>MPLErES'IO«S 

OF BAYS 

• ATTACH ANTENNA 
SYS. TO MODULE 


(*)• CONST ROW 6 A 7 

• ROTATE ANTENNA 
UNDER MODULE 

• CONST HOW 9 


Figurr 3.2-8 Anteniu/Yoke^oduk Assembly 
Photovottaic Sateffite 
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The strut i^mbly machine performs the operations depicted in Figure 3.2-12. Figure 3.2-13 
shows a concept of a strut assembly machine used to fonu 20m long struts. The other length struts 
would be assembled by similar machines. 

Strut-lo-Stiut Johtts 

There are three variatk>n$ of the strut-to-strut joint fitting previously shown in Figure 3.2-10. Each 
type would be manufactured on Earth and tlien packaged into a dispensing carrousel sudi as is 
shown in Figure 3.2-14. The number of joint fittings to be installed in a carrousel would be suffi- 
c»ent to provMe a one-day supply. Thvse joint Htting carrousels arc delivered to LEO ready to be 
inserted into the beam machine. 

Berm Assembly 

To a^mble the 20m pe»raht*dral beam, it will be necessary to use 4 strut a^mbly machines (5 of 
the 2fkit size. 4 of the 22.4m size, and I of the 28.3m size) configured as shown in Figure 3.2-15. 
Three joint installation mechanisms such as is shown in Figure 3.2-16 will be required. These 
mechanisms will extract fittings from the carrousel and attach them to indexing carriages. 

The beam assembly operations are shown in Figures 3.2-17 and 3. 2- 1 8. Figure 3.2-19 shows a time- 
line for this assembly operation. The 5.3m/minute rate is considered to be conrervalive. Other 
timeline estimates have ran^d as high as 1 5m/minute. Figure 3.2-20 shows that a single beam 
machine would easily K' capable of making all of the necessary beams within the one year construc- 
tion time at the 5.3m. minute rate. However, for reasons discussed below, two beam machines will 
be required for operational use. 

Beam Machine 

The beam as.sembly equipment described above can be configured into a support frame as shown in 
Figures 3.2-2 1 and 3.2-22. it has been determined that it is neces.sary to have 2 beam machines. 

One of these will operate on the lower surface of the facility while the other will operate from the 
roof of the facility. 1 hese two beam machines will be capable of making all of the necessary beams 
by giving the m ichii.:* translation and rotation capabilities. Figure 3.2-23 shows the beam machine 
with the necessary functioi.al capabilities. Two o|H*rators, shift are assigned to each beam machine. 

Frame Assembly 

The trame configuration chosen as tlie reference structure is referred to as a lap joint/segmented 
configuration (as opposed to centroid ioint 'segmented or lap joint, continuous configuration). This 
frame configuration requires that all of the beams be made in one-bay long pieces. Figure 3.2-24 
shows this frame assembly concept. Figure 3.2-25 shows details of how beams are joined. 
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STE»1 

STRUT SC(»IENtS ON 
FORMING PLATFORM^ 


STRUT 
MAB^rnE 



NESTED 
STRUT 
SEGMENTS 


forming 

PLATFORM 


STEPS 

STRUT SE(MENTS SEPARATED 



STEPS 


STEP 4 


SE&V.ENTSALI<»4EO 



SEGMENTS POSITIONED 
AND ATTACHED TO 
FORM STRUT 



NOTE: A^EMBLY EQUIPMENT NOT SHOWN 


Figure 3.2-1 2 Strut Assembly Sequence 
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(EACH NEST 

CONTAINS 

1C0PCSI 


• (XM«ITAINS 1000 
JOINTS 

• WT-220KG 
(LOADED) 



JOINT HANDLING 
MECHANISM 


Figure 3.2-1 4 Carrousel Packaging Concept for Strut Joint Fitting 
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Figure 3.2-16 Stnit/Joint Assembly 
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Figure 3.2-17 Beam Assembly Operations 
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Figure 3.2-1 8 Beam Assembly Operations (Continued) 
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Figuir 3>2-2t Bcrni AssetnUy MjcIwm: Side View 
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Figure 3.2-22 Beam Assembly Machine End View 
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Figure 3.2-24 Lap Joint Frame Assembly (Using One Bay Long Beams) 
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CiMCi'MMipoIatfir 

The assrmNy of the frame requires the use of cnine/mani|Hilators with characteristics as shown m 
Fiiairf 3.2-26, The item shown is hereafter referred to as a I lOm crane manipulator. It has been 
determined that there are also requirements for a 20m and a 250m version of this machine. Two 
operators, shift are assumed to the I Hhn and 250m machines and I operator to the 20m crane/ 
manipulator. 

Orher Options 

As was mentioned m the introduction of this section, other stnictural configurations have been 
cashiered. One optio i is a concept that would employ a 20iii continuous chord, thennailv formal 
beam. One applicatkm for this structure would h? in a so-called conimuous beam frame « hich is 
defined as one which literally has the be*ams ntnninf the smtirc length and width of the satellite or 
module. 


Figure 3.2-27 shows a comparisrsn of the continuous beam frame concept to the segmented beam 
concept presiousls dcscriK'd. 

Figure 3.2-2S shs»ws a comparisem of the beam l>|H's and bca:ii Ksints that pertain to thes,' iwes 
frame e*plRW,s. 

Figure 3.2-2‘^ shows a conipansem of iiow mans beam machines and manipulators arc ivqisired le' 
implement the two frame con figii rat ions 

Figure .' 2-30 shows a comparistin of the si/e of fa. ;Iit> requirs'd to cmistnict the two frame 
configurations. 

Frmn these cori.pansims it is shown tiui a continuous tvam frame requites more be*am machine's 
I recall that a single beam machine couM nuke all v’t the ncecss.ir\ beam v nhm one sear's time>. 
more' nianipiilators. tw ice as mans vslar arras vlepios ers .md .« • !Cs' t!ic si/c. Ha'-cd ..iri the 

somparivni. the s^'gmented K-aiii franu coiuept is I'.efeired. 

\ coiilimunis chord K-ain is siill a likels caiidalatc tesen tlunigli it sscighs more than the pe'nta- 
hcdral beam I m an .ippln ation xslicre it is nsi. il m one has lengths lo make (he si-gmeiitcd Ivam 
frame. 


If sscighi sasings was of paramount mipori.mce. .i frame empUn mg a centroid loint si-gtncnfed K'ain 
•s a strong contender, I hi' Irame could be made lioin either conlinnoii' chord or pe'Htahedral 
Iv.inis It would require that "loinl ping" snb.issembhes to be nude that ssonid match the ends of 
Ivanis to make a centroid unnt. I hi' require' more cress members and equipment and als»’ presents 
a more challenging fr.ime assembls oper.iiion I he centti'u' lomt Ir.imc is U'cd to make the antenna 
pnmars sfnictnre. 
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Figure 3.2-27 Structural Frame Cuncepts 
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F%biv 3.2-28 Beam and Beam Joint Concepts 
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Figure 3.2*29 Frame Concept Comparison 
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Figure 3,2-30 Frame Facility Concepts 
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3.2.1. 1. 1.4.2 Sobur Amy De|4oym«t 

(Note: the baseline structure has 20m hardpoint spacin{B but with another iteration wilt be 
dianged to match the I $m solar array width which is the largest possible with the payload shroud 
assuming the arrays must be launched with the long axis of the packa^ perpendicular to the launch 
axis. The solar array is delivered to the LEO base as 1 5m wide by 650m long blanket strips. The 
strife are aCiordion-folded in the 650m direction to foim blanket packages. Forty -three of these 
blanket strips are to be installed within each structural bay as shown in Figure .'.2-.^ 1 . For the LEO 
construction approach, only a portion of the array will be deployed at LEO. The exact amount 
depends on whether the module is self-powered to GEO alone or with an antenna. In the remaining 
bays, the solar array blanke* packages will be attached to the structure at one end of each bay 
neared the power bus. These blankets will be deployed later at GEO. 

The machine shown in Figures 3.2-32 and 3.2-33 will be used to; I ) install the solar array pack:i^es. 
2) deploy the blankets across the bay. 3) attach the adjacent edges of blai.ke.s and. 4> to attach the 
blankets via catenary spring a^*mblies to the structure. 

Four of these machiiws will be required one in each of the four solar array deploynrent bays of the 
facility. These machines each have 8 day s to deploy the 43 blankets within their bay. \ timeline 
analy sis has shown that the deployment assembly has to move at a rate of 7.8 meters per minute. 

Two o|verators per shift are allocated ivr solar array deploy ment machine. One of them controls 
the blanket package installation and gantry indexing oivrations. The other operator controls the 
deployer. 

Other Options 

Other si'lar array deployment concepts were considered but were discarded; 

• Fi.ll bay width catenary In this concept, the blankets would Iv atl.iched to a single corner-ttv 
comer catenary. The construction problems as.soci.ited with this were tini intimidating to 
seriously consider. 


• Cable WiikIi Dep'loy iiient lii this concept, the blankets w mild be .‘stiaeted SirUiltauixnisly 
from their packages by a w inch and cable system. This was discardcil as the deploy ii'.ent of the 
cables and winches would be at least as compheateu as deploy ing the blankets. 

• F'o'.ded and Rolled Blankets In this concept, the fuu (»50m width ofstilar array would Ix' 
accorditm folded m oiu- dimeiisii'n and then the accoruion iVdded package would be rolled into 
a single package. This wv uUi ixoid the ’lankel-txvbl."iket edge attaclunent problem. 
However, it was found mat there was no leas'ble w.iy to loll the accordion foldevl package 
without resulting i considerable stress placed v'n the iiulividua' lar cells and most like' 
resul. in popping off the cells. 
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Figure 3.2-33 Solar Array Blanket Installer 
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3.2. 1 . 1 . 1 .4.3 Aniwaling System instaUation 

A soiar array annealing system will be installed at LEO if such a system is required. This system 
would be used at GEO to anneal the solar array that was deployed for self-powered LEO-to<JEO 
transport. This system would also be used on the operational satellite to periodically anneal the 
solar array. This system has yet to be defined; therefore no installation concept has been 
developed. 

3. 2. 1 . 1 . 1 .4.4 Power Bus System Installation 

The power bus system will be installed along the top face of the fourth row of structural bays. 

Figure 3.2-34 shows the conf^uratiun of the bus system and the machine used to deploy the busses. 

The switch gear suba.ssemblies and the bus support subassemblies will be made in the subassembly 
area at the central warehouse (see Section 3.2. 1. 1. 1.7) and will be delivered to the installation site 
ready to install. 

The bus support cable assembly will be installed by the use of two 250m boom manipulator/cranes. 
The switch gear assembly will be installed by one of the 1 lOm manipulator/cranes. The busses will 
be installed by the bus assembly machine shown in the figure. 

Similar versions of this bus deployment machine are used to deploy the busses on the yoke and 
antenna. 

As the structural assembly operations arc interrupted while the bus system is installed, it is reasona- 
ble to assume th.it two of the frame assembly crane /manipulator operators would be available to 
operate the bus deployer. The manipulator 'crancs used to install the bus s\ stem would be operated 
by the other crane operators from the frame construction crew. 

J.2.I.I.I.4.S Thruster System Irst.illation 

The thruster system is composed ot tour thruster modules mounted on support structures at the 
four corners of the module, propellant tanks located beneath the center of the module, and the 
plumbing .ind control subsystems interconnecting the system. 

The thruster modules are assembled in :!ie subassembly factory area (see Section 3.2. 1 . 1 , 1 . 7). Four 
of these sub.issemblies are constructed per module. These units arc delivered to the structural 
as.sembly bay reads to be installed on the support structure. 

The support structures arc asss-mhled from 20m beams. The structures to be attached to the leading 
edge of the module are fabricated prior to building the first end frames of the module by the frame 
construclioit machinery and operators. Hie thruster modules are attached to the support structure 
and the plumbing and control circuitiy are instailed. fhe support structure assemblies are then 
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Figure 3.2-34 Satellite Power Bus Installation 
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moved off to tlie side of the facility and parked out of the way. When the first row of four bays 
has been advanced into the solar array deployment section of the facility, the thruster support 
structures are moved into position and attached to the module frame. 

The plumbing and control circuitry are installed along the module frame simultaneously with the 
solar array deplov inent operations. 

After the fifth row of module •.ames are assembled, the thruster propellant tanks are installed 
under the center point of the module. 

After the aft end of the module has been advanced into the solar array deployment ba;, . the 
thruster support structures are assembled and attached to the module frame and the thrusters 
installed. 

Eight crewmembers (during two shifts! have been allocated for thruster system installation and 
assembly. Eight crewmembers are allocated to the thruster subassembly fabrication in the sub- 
assembh factory. 

^.2. 1. 1. 1.4.6 Subsystem Installation 

There are a \ .;riel\ of satellite subsystems that are to be installed (switch gear, sensors, control lines, 
data ma lageinent and communication equipment, etc.). The configurations of these items have not 
Iven e^tabiislled ,s yet so detailed in 'allation data was not develope i. However, eigh' crewniein- 
*>ers (iliiring two shifts) have been allocated for this activity. 

a. 2. 1 . ! . 1 .4. 7 Module Indexing 

As the module is const i !>.»ed. it will be supported and indexed by the indexing support machine 
shown in Tigure .v2-.T''. A JOnm tall ve-^s.'in of this machine will Iv used to support the yoke 
during its construction. 

An indexing speed of one meter per luirnite has been assum'd. 

These indexing machii'es '.vouU! be o.pcratcd by i emote eontroi from the eommand and eontrol 
center. 

Ihis indexing ci'iieept li.is been applieil m the antenna eonstruction aiul in the iliermai engine 
satellite e(>nstriietion. 
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Figure 3.2-35 Satellite Support/Indexing Machine 





91 




DiaO'22876-S 


3.2.1. 1.1.5 AntefMuDetaaedCoiiitniction'kidi Analysit 

3.2.1. 1.1.5.1 Anlenm Constractioa Tasks 

The tasks involved in constructing the antenna are sumnidrucd in Figure 3.2-36. Figure 3.2-.' ~ 
shows the antenna facility concept. 

3.2.1. 1.1.5.2 Primary Structure AssemUy 

The primary structure is composed of 130m long Sm beams that are fabricated by 5m beam 
machines that are similar in operation to the 20m beam machines previously described. These 
beams are assembled to form the structure as shown in Fipire 3.2-38. Two beam machines and four 
I lOm crane /manipulators are requited. I hu structure requires the installation of joint plugs that 
win be preassembled in the ccntrai subassembly area (see Section 3.2. 1. 1. 1 .7). 

3.2. 1.1. 1.5.3 Secondary Structure/Subatny Installatioa 

The secondary str.iCture is delivered to LEO as teiescoped /compressed self-expanding packages. 
These structures are deployed as shown in Figure .^.2-39. The deployment platform to install the 
secondary structure and subarray ^ is shown in greater detail in Figures 3.2-40 and 3.2-11. Before 
attaching these structures to the primary stnicture. it is necessary to install wiring harnesses on the 
bottom surface. Two operators aa- assigned to the secondary’ structure assembly and deployment 
ta.sks. 

The antenna subarrays are delivered to LEO preassenibled. At LEO. these assemblies are tested and 
then stacked onto a trjns|H>rter as illustrated in Eigure 3.2-42. The subarray stack is then trans- 
ferred to the deployment machine as sliown in Figure 3.2-43. The subarrays are then installed onto 
the secondary structure and the wiring attached to the wiring harnesses on the secondary structure 
as shown in Figure 3.2-44, Two operators are assigned to the subarray deploy ment tasks. 

3.2. 1 . 1 . 1 .5.4 Power Distribuliun System Installation 

The installation of the power distribution system on the antenna is shown in Figure 3.2-45. The 
bus support structures and tlie switch gear assemblies are preassenibled in tlie subas,scmbly factory 
(see Section 3.2.1 .1.1.7) and arc delivered to the antenna factory lower level ready for installation. 

The power bus system installation operations requires three 1 lOiii manipulator/cranes and a bus 
deployment machine. 

3.2. 1 . 1 . 1 .6 Yoke Detailed Construction Analysis 

The antenna yoke assembly is constructed within the module construction facility prior to con- 
structing modules 4 and 8 as was shown in Figure 3.2-8 in Section 3.2. 1.1. 1.3. The yoke construc- 
tion tasks and machinery used is shown in Figure 3.2-4(>. The equipment is operated by beam 
machine and crane/manipulator operators from the frame construction crew. 
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Figne 3.2-36 Aiuenna Constmction Task 




Figure 3.2-37 Antenna Construction Facility 
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Figure 3.2-38 Antenna Primary Structure Construction Operations 
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Figure 3.2-39 Antenna Secondary Structure Construction Operations 
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Figure 3.2-41 Deployment Platform Detail 
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Figure 3.2-44 Subarray Defrioyment Machine Details 
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Figure 3.2-45 Power Distribution System Installation 
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Figure 3.2-46 Antenna Yoke Assembly 
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1.2.1. 1.1.7 Sutnssembiies 

"The various subiissemblies described in the preceding sections will be assembled in a factory area 
that is adjacent to the central warehouse (see Figure 3.2-47). Crewmembers and assembly equip- 
■ ment have been allocated for the subassembly operations. 

3.ZI.I.J.8 Construction Equipment Summary 

1 . 

The construction equipment described in the previous sections have been summarized in 
Table 3.2-1. Spares have not been included in this summary. 

3.2. 1.1.2 Construction Base Definition 

This section describes the LEO base in detail. Tlie overall configuration, foundation, cargo hand- 
ling/distribution system, crew modules and subsystems are discussed. 

3.2.1. 1.2.1 Configuration 

The general arrangement of the constniction base has been described in Section 3.2. 1. 1.1.2. In 
summary, the base is divided into two major facilities with one used to construct the satellite and 
the other to construct the antennas. 

The overall construction base is shown in greater detail in Figure 3.2-48. The principal elements of 
the base include the foundation (structural framework), cargo handling and distribution sysiem, 
crew modules and ba.se subsystems. 

The foundation for both the module and anti, nna facilities include upper and lower surfaces to 
which construction a|uipment is attached, the salt llite is supported and other base elements arc 
attached. 

Ten primary crew modules are located in an area wlitre (he greatest concentration of personnel are 
involved while performing their daily duties. Six of the modules serve as crew quarters and four as 
work centers. Other pressurized shirt sleeve environment modules or cabins are also present but 
serve only as small work quarters sometimes referred to as remote work stations or control cabs. 

Docking provisions for all transportation vehicles are located along the back edge of the module 
facility. The orbit transfer vehicle operations center is located at the opposite end of the base from 
the crew modules due to the required propellant transfer 0 |x*rations, 

Each of the base elements is described m additional detail in subsequent paragraphs. 
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Table 3.2-1 LEO Base Constntction Equipment -Photovoltaic Satellite 


EQUIPMEN.'ITEM 

NUMBER REQ'O 

EQUIPMENT ITEM MAJOR 
ELEMENT 

NO. REO 0 

MOO 

ANT 

YOKE 


ITEM 

• 20 VI BEAM MACHINE 

ALSO USED TO MAKE 
^ MODULE TO VOICE 

interface STRUCTURE 

(HASS lOX' Kj) 

(COSTSIOOM) ^ 

2 




• CARRIAGE 

• YOKE ASSY 

• STRUT ASSY MACHINE 

• JOINT FITTING FEEO MECH 

• INDEXING CARRIAGES 

• STRUT magazines 

• JOINT FITTING CARROUSEL 

• CONTROL CAB 12 MAN) 

1 

1 

9 

3 

6 

18 

3 

1 

• 6M BEAM MACHINE 
(HASS K9) 

(COST f35H) 


2 

2 




• sr.; r,.'i'.rAi.LE BEAM .MACHINE 
('•A,r. 3 K I'.i) 

(COST s-'cr.i 



1 




• 20 M MAMPULATOR/CRANES 
THRUSTERS 2 
E/ifGEAn 4 
STRUCTURES 4 
CABLE ASSY 1 
(H Kg) 

(CC'i> r >. ' *• 


2 


11 

1 > 

• carriage 

• ELEVATOR BOOM 

• TRANSVERSE BOOM 

• CONTROL CAB (I MAN) 

• MANIPULATOR ARM 

1 

1 

1 

1 

2 

• il.-. • .vjLA'tOR/CiTAKE 

(.HAST.S'S Kg) 

(COST Sir.H) 

8 

8 





• 2bC .1 MAA (PULATOA/CRANES 
(MASS 12 *< Ka) 

kasTi^cdi- 



2 





^ ALL COST REFLECT AVG UNIT COST AFTER APPLYING LEARNING FACTOR OF 0 .#. 


Table 3.2-1 (Continued) 


EQUIPMENT ITEM 

NUMBER REQ D 

EQUIPMENT ITEM MAJOR ELEMENT 

No. flEC’l} 

MOO 

ANT 

YOKE 

SUBASSY 

ITEM 

• 45 M lf.CLX:NC'SUPPORT MACHINE 

6 

6 

2 


• CARRIAGE 

1 

(HASS : 3 ^ Kg) 
(COST S 3 ,rH) 





• BOOM 

1 

• 200M ir.OTX.'NG/SUPPORT MACHINE 



2 


• CARRIAGE 

1 

(•'.A'.s s' t; •) 
(co^rsu*'!, 





• GOOM 

1 

• Bus OEPLO’. UENT MACHINE 

1 




• CARRIAGE 

1 

• '.j'.V DC‘.^M 




• BOOM 

1 

• c..'.:fiooM 


1 



• BUS DEPLOYMENT MACHINES 


• MCM ARTICULATING BOOM 



1 


• • A BUS 

1 






• BBUS 

1 

NOT REQ•D 0^4 YOKE 

..:.D antenna machines 





• C BUS 

• collector BUS 

1 

I 'ASSCKKr,) ( AVG FOR 
(COSTL2i.H) (THE 3 SIZES 





• CONTROL CAB (2 WAN) 

1 






• CAtlRIAG£/(J«NThV 

1 

• SOLAR ARRAY DEPLOYMENT 

4 




• BLANKET MAGAZINE 

1 

MACHI..E 





• BLANKET FEED MECH 

1 

i:-.».SS ^ Kg) 





• BLANKET PACKAGE INST MACH 

♦ BLANKET DEPLOYER 

1 

(COST SAiM) 





• CARRIAGE 

• BLANKET END HANDLER 

1 






MECH 

1 






• EDGE CLAMPER 

1 






• CONTROL CAB 12 MAM 

1 
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Table 3.2-1 (Continued) 


SPS 1478 


EQUIPMENT ITEM 

NUMBER REQ'D 

EOUIPMENT ITEM MAJOR ELEMENT 

NO. REQ'D 

MOO 

ANT 

YOKE 


ITEM 

• DEPLOYMENT PLATFORM 

^ INCLUDE- 0 IN 20M 
MANIP/CRANE COUNT 

(MASS 28K Kg) 

(COST S80M) 





• CARRIAGE/FRAME ASSY 

• SECONDARY STRUCTURE 
INST TELESCOPES 

• SECONDARY STRUCTURE 
DEPLOYMENT GANTRY 

• GANTRY, CARRIAGE 

• DETELESCOPING MACH 

• 20M MANIPULATOR, CRANE 

• SUBARRAY DEPLOYMENT GANTRY 

• GANTRY,'CARRIAG£ 

• ELEVATOR 

• SU3ARRAY DEPLOYER 

• CARRIAGE 

• MAGAZINE 

• DEPLOYMENT MECH 

• 20M MANIP/CRANE 

• CONTROL CAB U MAN) 

1 

3 

1 [|> 

1 

1 

1 

1 

1 ^ 

BUS BAR ROD BENDER 




1 



BUS BAR WELDER 




2 



RADIATOR PIPE WELDER 




1 



CABLE FITTING MACH 



i 1 



STRUT ASSY MACH (4 SIZES) 



I 



SUSARRAY TESTING MACH 



i 1 

. 
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Figure 3.2-48 LEO Constractioii Base 
Photovoltaic Satellite 
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3.2.1. 1.2.2 FgnAtlatMMi 
FiMctioii 

The foundation or strxK'tural t'ramcw\>rk of the a>nslniclii'«n hose niu^t prowic a mounliiilt/ 
attachment surface for all construction equipment as well as mounting prtnisivm for other base 
eietoc'.ts such as crew mvtdules, cariK> handling and dtstribuiusn systems and base subsystems. 

Design Oiteria and Analysia 

The principal loading conditions which sluHiki Iv -.smsidered in sizing the 'irticuire incItHle the 
following: 

a. Altitude or attitude ct>rrection> at I0“* g's 

b. Mmement of cswslniction eq-upment at their required cv.nsti action lates 

c. Indexing of the Siitellite huhIuIc antenn.'i 

d. t'lrasit; giadicnt 

e. IXH'kiiig of transpsntalK'n vehicles. 

prehimnary aiuKsis wa\done cv>usi«leiing items a, 1 \ and c and resulted in item "a" having the 
latgcs: lo.iding conditio" a-, applied timnigli a 2 tini beam vvhicli was assumed loi the structure I his 
loading howvvei is levs than .'5 . ol the Kvid cans mg capabililv of 'Om beamx typical ol those used 
in the satellite where siml wall thicknesses of 0,05 cm lO OTO m. ) «re used 

Ihe final criteria used in establishing the b.isc sliiictiiie was that ol h.ivmg the po'per iialiti.il frv'- 
qiiencv lelationship ivlative to the vonslnu tcd element leitiu-i a nuHlule »u antenn.it In general, 
this means having dilterent lie.juencies In the cav id the iiuhIuIc ihc natuial la'qiicncy is lowest 
when It IS finished aiul .uumlmgly it has a miuh liighei Itequeiuv when vonstruclion h.;s lust 
K'giin 

I'UHpieiicy consuler.ilioiis loi the nuHiiile ctmstruction tacihtv would iikiuIIv iiuhcate a higher 
frequency (gie.itci stifliu-sst «ould be desirable lelativc to the coiistmcled iiuslule. However .is 
prevunisly induated Mie module liequency g»vs lumi high to low as it is eonslriieted, eonsvHjuently . 
in otvier to piv'enl a liequeiKV ciov> ",er duimg coiistniction and to mmmii/e the depth ol the 
striicUire the tacihty h.is Ix'en designed li' li.ive a Uiwer Ircvpieney than Ihe movhile at any time 
during the coiisuiicUon phase 

rreqnency calculatu'ns lor a movlule loiie-eigluli »l a vitelhiet and iiuwlule consiruclion l.icilily 
werv' done asMiming ;Mch l\> acl as if il is e.mlileveied and pm-ended lel.nive lo Ihe oilier I urlher- 
niore. Ihe naliir.il Irequeney ol the constmclion lacihly «.is delermined by assninmg the ” 1 '" 
shaped f.icihly was sprvMd oiil as a long It.il tiuss An.ilv ^ed m ihis in.ipnei and .issummg five 'Ofhu 
deep Iriivseseaeh consisiingof loui -Om be.inis lesnllcd in a naUiial fu ney ot appiovim.ilely 
40 ephr which was lower than the vilcllile iiuhIuU' liequency ol appo'siin.ilcly 45 ephr at its 
completion. 
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The antenna facility was not analyzed in this manner since the natural frequency of the antenna 
itself was not determined. 

Selected System Description 

Tlte foundation or structure of the module facility consists of five 200m trusses formed in the shape 
of a "U" and tied together with three 200m lateral trusses in both the upper and lower surfaces of 
the facility as was sliown in Figure 3.2-48. Each truss consists of four 20m beams ruruiing its entire 
length. The truss also includes perpendicular and diagonal members which are aho 20m beams. 

Tile 20m beams are the same type as used in the satellite with all individual struts having a wail 
thickness of 0.05 cm t0.020 in.) resulting in a mass of 5 kg per meter. This sizing appears to be 
rather consersative but sec-ms justified at this point in the analytes. The module construction 
facility was found to have approximately 43S.OOOm of 20m beam. 

The antenna construction facility was a.ssuincd to have truss depths of SOm in its upper and lower 
surfaces. As a result, a total length of 53.000ni of 20m beam was estimated. Again, the 20m beam 
was assumed to have a mass of 5 kg/meters. 

3.2 1. 1.2.3 Cargo Handling, Oblribution System 

One of the keys to high pr.-Ji'cti'-ify •'Ol.-i.-nt system dedgned to move the large 

quantities of materials from the receiving area to the user machines. The base logistic's system is 
si'.cswn in Figure .>. 2 - 19 . The central receiving and warehousing area is shown in Figure 3.2-50. A 
concept for transporting personnel around the base arid between the bus and a control cab is shown 
in Figure 3.2-5 1. 


A summary listing of the equipment used in cargo handling and distribution is presented in 
Table .V2-2 

3.2.1. 1.2.4 Crew Modules 
Module Definition 

,A total of ten primary crew modules have been included in the LEO construction base. The 
modules have an Earth atmosphere environment and have been sized to accommodate crew sizes 
belween 50 and 100 or to serve as large work areas. Accordingly, the modules have dimensions of 
17m ilianicter and up to 2.'in length. Excluded from this category of modules then are the crew 
buses usc-d to transfer pcrsoniu'l around the base* and the small two-man control cabins used in 
coimmction witli the construction equipment and cargo handling and distribution equipment. 

A summary listing of these modules and their functions are presented in Table 3.2-3. All modules 
are self-sufficient in tcmis of cnvironn'ontal control provisions and emergency power. Primary 
ix>wer IS iibtained through a common power supply provided by the base. Functions peculiar to 
each module have K-en identified in 1 able 3.2-3. Five crew quarter modules have been provided 
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Figure 3.2-49 LEO Base Facility Logistics System 
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Figure 3.2-50 Central Receiving and Warehousing 
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Figure 3J2-51 Crew Bus 
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SMMIS 


TaUe3^*2 Bate CaiBO Haadlng A DiitritNition EqaipiiM 
Fhotovoltaic Salettie 


EQUIPMENT ITEM 

NOREQO 

MASS(EA) lO^Kg 

COST(EA) S1Q6 

• HLLV CARGO DOCKING PORT 

4 

4 

10 

• HLLV CARGO EXTRACTION SV8 

4 


0 

• HLLV TANKER DOCKING PORT 

3 

4 

16 

• HLLV TANKER CARGO 




EXTRACTION SYS 

3 


6 

• OTV TANKER DOCKING PORT 

2 



• OTV TAN'.;ER loading SYS 

2 



• SHUTTLE DOCKING PORT 

3 



• GROWTH SHUTTLE DOCKING PORT 

2 



• PERSONNEL TRANSFER 




AIRLOCK SYS 

6 



• GANTRY CRVU^E 

2 



• CARGO SORTING 




MANIPULATOR/TRANSPORTER 

2 


6 

• TRANSPORTER ELEVATOR 

2 

8 

7 

• TRANSPORTER INVERTER 

2 


7 

• ANTENNA ELEVATOR 

2 



• 24 MAN CREW BUS 

2 

12 

7 

• 13MANCREWBUS 

2 

& 

4 


»>S1480 


Table 3.2-2 (Continued) 


EQUIPMENT ITEM 

NOREQ*D 

MASS(EA) 103Kg 

COSTIEA) S1(>6 

• TURNTABLrS 

98 

0.2 

0.1 

• CONTROL CA:.SfOR 




LOGISTICS EQUIP 

7 



• HLLV CARGO 

1 



• HLLV/OTV TANKER 

1 



• SHUTTLE/SHUT GROVITH 

1 



• GANTRY CRANES 

2 



• CARGO SORTER 

2 




no 
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Table 3.2-3 Cdnstiuctimi Base Crew Moduka 

MODULE QUANTITY FUNCTION irUOVISIONS) 


• . CREW QUARTERS 5 

• TRANSIENT CREW 1 

QUARTERS 

• OPERATIONS CENTER 1 

• MAINTENANCE, TEST AND 1 

CHECKOUT 

• TRAINING & SIMULATION 1 

• UNDEFINED 1 


PERSONAL QUARTERS/HYGIENE 
PHYSICAL FITNESS/RECREATION 
DINING 

USED DURING CREW ROTATION PERIODS 
HOUSE VIP'S 
EMERGENCY QUARTERS 
BASE OPERATIONS 
CONSTRUCTION OPERATIONS 
CONSTRUCTION EQUIPMENT 
SATELLITE COMPONENTS 
NEW PERSONNEL 

NEW CONSTRUCTION OPERATIONS 
CLINIC (COULD BE IN SPS CENTER) 


NOTE. ALL MODULES SELF SUFFICIENT EXCEPT PRIMARY POWER AND FLIGHT CONTROL. 
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with each sized for a crew of 100. fliesc modules provide ail of the off-work fuiKtions associated 
with living. Further information concerning the sizing of each module is presented in subsequent 
paragraphs. 

As indicated, a transient crew quarters has been provided. The logic a.<sociatcd with this module 
relates to crew rotation periods where the overlapping of the crews could occur without causing 
inconvenience in terms of quartering etc., and also al-ows f*'r time to clean up the rooms or modules 
of the departing crew. An additional feature of this module concerns itself with an emergency situ- 
ation where one of the primary' crew quarters has a failure or in the event a crew scheduled to move 
from the LEO base up to GEO or back to Earth ate unable to do so due to weather, vehicle trotible, 
etc. 

The operations module serves as the control center for all base operations and construction opera- 
tions. Typical base operations to be controlled from this module include that associated with the 
primary power supply and flight control system (attitude and station keeping), communication 
system within the base as well as that with Earth, other bases and transportation vehicles in transit. 
Overall crew scheduling and consumables management functions are also included under base opera- 
tions. Construction operations controlled from the module include those functions associated with 
scheduling, briefings, troubleshooting or identifying workarounds, monitoring of the actual 
construction operations being conducted and the operations associated with cargo handling and 
distribution. .Another function provided by the operations module is that of housing the central 
data management and processing center. 

The maintenance, test and checkout module provides the eapability to work on large pieces of 
construction or base equipment or satellite components while in an Earth atmosphere environment. 

A training and simulation module has been included with its primary purpose being to train new 
personnel and to establish and/or demonstrate certain construction task> wliile in a controlled 
environment. 

A tenth module has been included primarily to cover the volume requirements of functions not 
included in other modules at this time, b \amples of such functions include clinic ty pe provisions 
in terms of medical, dental and sickbay provisions as well as for the temporary containment of per- 
sonnel who itave died while on duty. Isolation of the sickbay from the other base crew quarters 
seems to be particularly important due to relatively confined volume that is available. 

Crew Quarters Sizing and Design 

Selection of a crew quarters module to accommodate 100 people came about as a result of the 
following factors. I irst. there was the capability to have a very large module due to the large pay- 
load envelope when using the reference two stage cargo launch vehicle. Secondly, when the floor 
area requirements for 100 people were matched with the available module envelope thea* was 
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adequate space (actuaU>( space is available for close to 130 people). The mass of a 100 person 
module was found to be well within the capability of the launch vehicle. In summary, a laiyicr crew 
could be accommodated within the volume a id mass constraints of the launch vehicle, however, 

100 people in one basic living volume appears to be quite sufficient. 

Fkior area requirements associated with a 100 person module and the division of functions among 
the decks of the module are shown in Figure 3.2-53. The indicated arc j allocations are based to a 
large degree on the Rockwell Integra! Space Station Study (NAS‘>-‘>953V It should also be pointed 
out that the indicated areas reflect having all 100 people present which is a case which occiiry one 
day per week when both shifts are off-duty. 

The s^^c of the module to contain the required floor space is 17m in diameter and approximately 
20m in length including the spherical end domes. The module is divided into seven decks with the 
indicated functions perfonned on each deck. (leneral arrangement within each deck was not 
pertbrmed at this time. 

3.2. 1.1. 2.5 Subsystem Definition 

The design approach used for each subsystem was generally the same as defined by Rockwell in 
their solar powered integral Earth orbit space station study tNAS‘>-dd5.>) for JSC in 1970. A 
summary of these subsystems is provided in Table 3.2-4 and described below. 

Structure 

Crew module structure primarily consists of aluminum alloy. The pressure eompurtment is designed 
for an operating pre.ssure of 1 0 1 000 n 'm ■(14.7 i>sia). The outer shell of each module consists of a 
double bumper micrometemrid protection system that was designed to give a 0.9 probability of no 
penetration in 10 years Quite possibly, this particular design criteria will merit furtlicr examination 
in the future. Alser included in tlie outer bumixT sysiem is the tlicrmal radiator for internal heat 
rejection. An aerothemial sluoud for (be crew module's is not requireil smee they will be launched 
within the payload simmd of the ’.uunch veliiclc. 

Electrical Power 

The primaiy electrical t>o\vcr system is tb '.isscd or.vier the Base Subsyste'in Section 3. 2. 1.1.2, 5. 

Eacli erew nunlule liowever incorporates .m emergency power system consisting of fuel cells. 
Distribution, wiling and special power conditioning e'quipment is also included in eaeli module. 

Environmental Control 

All module's have an independent ECS. I he system provides an I artb atmosphe'iv environment. 
Oxygen makeup for leakage and usage is provided timnigh electrolysis of water which is obtained 
by reiliiction of CO- using Sabatier reactor with CO“ itself is removed using molecular sieves. 
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0 SIZED FOR 100 

0 F'.OOR AREAS SCALED FROM 12 MAN UNITARY SPACE STATION (BASED ON ROCKUELl 1970 STUDY > 
NAj 9-9953) 

0 AREAS BASED ON ENTIRE CREU BEING PRESENT 



0 GEO NODULE MODIF 

0 ADO 1 DECK FOR RADIATION SHELTER 


ALLOCATIONS PER NODULE 



FUNCTION 

aOOR AREA 
N* (FT^) 

0 

PERSONAL QTRS 

512 

(5500) 

0 

PHYSICAL HYGIENE 

89 

( 960) 

0 

RECREATION 

107 

0150) 

0 

PHYSICAL FIBIESS 

53 

( 570 

0 

GALLEY 

53 

( 570 

0 

DINING 

116 

(1250) 

0 

CONTROL CENTER 

37 

( 400) 

0 

SUBSYSTEMS 

149 

(1600) 

0 

MAINTENANCE SHOP 

9 

( 100) 

0 

EXPENDABLE STORAGE 
(90 DAYS) 

193 

(2080) 

0 

TUNNELS/AISLES 

163 

(1750) 


TOTAL 

1480 

15930 


MARGIN 

71 

760 


Figure 3.2-52 Crew Quarters Sizing 
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Table 3.2-4 Subsystrai Summary 


CREW MODULES 

• STRUCTURE • ALUMINUM ALLOY 

• METEOROID PROTECTION 

• P(0) *0FOR 10YRS. 

• DOUBLE BUMPER 

• PRESSURE COMPARTMENT 

• 101CO) n/m2 (14.7 psia) 

• ELECTRICAL POWER • EMERGENCY • FUEL CELLS 

• ENVIRONMENTAL CONTROL • EACH INDEPENDENT 

• LEAKAGE 

• OXYGEN - WATER ELECTROLYSIS 

• NITROGEN CRYOGENIC 

• REPRESSURIZATION 

• OXYGEN HIGH PRESS 

• NITROGEN -CRYOGENIC 

• WATER SABATIER REACTOR 

• CO2 REMOVAL -MOLECULAR SIEVES 

• THERMAL-WATER AND FREON LOOPS 

• LIFE SUPPORT • URINE AND WASH WATER RECOVERY 

• DRIED AND FROZEN FOOD 

• WASTE MANAGEMENT 

• PERSONAL HYGIENE 

• CREW ACCOMMODATIONS • PERSONAL EQUIPMENT 

• FURNISHINGS 

• RECREATION 

• PHYSICAL FITNESS 

• INFORMATION SYSTEM • COMMUNICATIONS S BAND 

• DATA PROCESSING 

• DISPLAYS AND CONTROLS 
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Nitrogen to supply leakage and repressurization is stored as a cryogenic. Oxygen for repressuri- 
zation is stored as a cryogenic while the emergency oxygen system uses high pressure storage. 
Thermal control of the modules makes use of water and freon loops. 

l.ife Support 

Both urine and wash w ater are recovered. The urine is reprocessed using vapor compression while 
wash water recovery utilizes reverse osmosis. Dried and fiozen food was used. Also included under 
life support are the waste management and personal hygiene systems. 

Crew Accommodations 

Included under this category are the personal equipment, furnishings, recreation and physical fitness 
equipment. Again these systems are located only in the crew quarters. 

Information System 

The prircipal systems included are communications, data processing and displays and controls. 
Each nvxlule w ill have its own internal communication system as well as contact with the main 
communication center located in the operations module. The principal link between the base and 
Earth or tianspurtation veliicles is S-band. Each module has data processing capability suitable for 
its needs. However, again tire principal data processing center is located in the Operations module. 
Each module also has the appropriate set of displays and controls although the Operations module 
contains all displays and controls associated with overall base operation. 

Guidance and Control 

Displays and controls for these systems arc located in the Operations module although the equip- 
ment itself is located throughout the base and consequently are discussed under Base Subsystems. 

Reaction Control 

Again, this is a base level subsystem and is discussed under Section 3.2. 1.1.2. .S. 

Special Equipment 

Ihis is equipment that is peculiar to the maintenance'test/chcckcut and iraining/simulation 
modules. 

Mass E.stimale 

A mass estimate for each of the modules down to the major subsystem is shown in Table 3.2-6. 
These masses rellect the subsystem design approaches discussed in the previous paragraph. 
Differences m the subsystem mass for the various modules is reflecting the variation in number of 
personnel present and consequently power levels as well as the function of the module itself. 
Included in the mass of each module is a growth/contingency allowance of 33'! on t..e estimated 
mass. 

As indicated, all modules are well within the mass capability of the launch vehicle although in the 
case of a crew quarters module, me addition of a radiation shelter forCiEO application would add 
another I l.SOOO Kg and consequently be quite close to the mass limit. 
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Table .V2>6 Crew Module Mass Su nmary 
o Mass In lO'^kg 


SYSTEM 

CREW 

QUARTERS 

(EA) 

OPERATIONS 

CENTER 

MAINTENANCE 
TEST 8i C O 

TRAINING 

&SIMUL. 

MISC. 

STRUCTURE 

80 

80 

80 

80 


EI.EC. POWER 

9 

7 

3 

7 


ENVIRON. CONT./ 

60 

42 

24 

11 


LIFE SUPPORT 

CREW 

11 

4 

3 

3 


ACCOMMODATIONS 

INFORMATION 

6 

30 

5 

0 


GU«0 & CONT 

0 

1 

0 

0 


REACTION CONT 

0 

0 

0 

0 


SPECIAL EQUIPMENT 

0 

0 

6 

0 


SUBTOTAL 

162 

164 

120 

108 

110 

GROWTH/ 

53 

54 

40 

35 

36 

CONTINGENCY 

total dry 

215 

218 

164 

143 

146 

CONSUMABLES 

4b 

0 

0 

0 

0 

(90 DAYSl 






total 

260 

218 

164 

Il.T 

146 
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3.2.1. 1.2.6 Base Siriisyslenis 

As indicated previously, several subsystems do not relate specifically to anyone of the crew 
modules, but instead are associated with operatinit the base as a total entity. Such subsystems 
include primary power and Hight control. 

'Ekctrkal Pdwvr 

ReqnHcments-Badc operating |H)wer requiannents have been grouped into the categories associ- 
ated with ca*w modules, construction equipment and external lighting as shown in Table 3.2-7. The 
average otx'raling pow-- level required is estimated at over 1600 KW. This load docs not include 
recharging of the secondary power supply or losses. 

Under the category of ca*w module, considerable use was made of the estimates identif>ed for a 
12 man space station a.s defined by Rockwell. These estimates were then scaled up both to account 
for the diffeaMue in ca*w si/e and the number of modules involved. 

Construction .equipi’.icnt (xiwer estimates wea* made using both Boeing generated data and data 
from recent space station studies. Typical evainples per machine include the 20m beam machine at 
5 KW. sobr array deploy er at .> KW . crane luanipuialor at 3 KW'. .\ll of these estimates include the 
power lor a tu*> man control cabin 

Bxicriul lighting estmiales aa- b.ise'd on providing 2lo liimens/m~ as speciricHl by McDonnell 
Dougbs in the Space Station Systems Analysis Study <NAS‘>-l4‘).sfD. Typical construction areas in 
this study einercil .1000 m • and a‘quired 10 KW to provide the specified illumination. A total of 
32 areas of this size have been estimated K»r llie SI’S coitsiruclion b.Tse. 

rile total power rcquirciueni to be used m sizing the primary power supply is MIS KW as sliown in 
fable .V2-S. flic s<-cond;iry jxiwcr recharging load o tor a nickel hydrogen system that produces 
the operating loads during M' - of the orbit The .illow.ince for oversizing is that as.sociated with 
50 pm cells and '^5 pin cover slips. \o tlu imal annealing is assumed. 

System Description - 1 he pnmary innver generation system is .solar arrays similar to tliose used in 
the s.itelhte. with a iiiekel hydroceii battery system used for iKeiillatioii pciicals. An array voltage 
ol 1500 volts has been selected in<l apivars to be the iiigliesi practical when co'isideriiig plasma 
losses. 

1 he sc-leeled installation appro.ich lor the array i> a li\e*l lunly moiuiled eoncepl, with an aiTay 
located on three sides of the eoiistniction base o that the iiceess;iry power can K* generated by any 
one arrav with the base at any loealion in iirbi’ f igure .f 2-48 shown previsouly. illustrates the 
loialion ol two ol these airays, I ac'. ..ray al .las been sued to aeeoiiiit lor sun incidence angle' 
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Table 3.2-7 BaaeOpefatiagPbwer ReqoiicaMiits 
Photovoltaic SateKle 


OPERATING POWER 
CREW MODULES 

ENVIRONMENT CONT/LIFE SUPPORT 750 

INTERNAL LIGHTING 350 

INFORMATION SYSTEM 70 

GUIO. & CONT. 5 

CONSTRUCTION EQUIPMENT 

SATELLITE EQUIPMENT SO 

ANTENNA EQUIPMENT SO 

SUBASSEMBLY SO 

EXTERNAL LIGHTING 

SATELLITE CONST. *20 

ANTENNA CONST. 120 

SUBASSY/WAREHOUSE 80 


TOTAL 

Table 3.2-8 Solar Amy Sizmg 


m REQUIREMENTS (KW) 

• OPERATING LOAD 

• SECONDARY POWER 

SUPPLY RECHARGING 

• POWER CONDITIONING 

• POWER DISTRIBUTION 

• RADIATION DEGRADATION (S%) 

26000 m2 


=«130000 m2 
205m X 20Sm PER SIDE 


• SIZING 

• CONTINUOUSLY SUN ORIENTED ARRAY: 
(SATELLITE TYPE CELLS. 140 w/m2) 

« FIXED BODY MOUNTED ARRAY WITH 
EARTH ORIENTED CONST. BASE 

• ARRAYS ON 3 SIDES OF BASE 

• MAX SUN INCIDENCE ANGLE OF 54.5 DEG 

• TOTAL ARRAY SIZE: 


KW 

11175) 


(ISO) 


1320' 


1645 


(3645) 

1645 

960 

330 

540 

170 
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.i 


penalties! so the combined net affect is a total array that is approximately five limes as large as an 
array that was always PEP. By past space system standards, this excess would be prohibitive. 
However, in the era of power satellite with low mass and low cost cells, the penalty is quite small. 

An alternate solar array installation approach was also eonsideied in the form of providing the array 
with two axis control so it could alwa> s K‘ directed toward the sun. With the physical dimensions 
of the base iiowever. the boom to w hich the solar array would be attached had to extend approxi- 
mately 600m from the base. The opi*rational disadvantafses of this approach in terms of the impact 
on vehicle traft'ic as well a.s the relatively small savings and additional complication cf a large two 
axissv'steni resulted in not selecting this approach for the rcfea-ncc system. 

The mass for the selected power system is estiiuuied at approximately 1 20000 Kg as indicated in 
Table 


Table 3.2-9. Primary Power System Mass 


I'ixed .Array 

<>.>000 Kg 

N j M ■. Batlerie" 

20000 Kg 

Oislnbulion (Power Bust 

2iXKK) Kg 

Switchgear 

2000 Kg 

IK'-IX' ('omersion 

2000 Kg 

Radiator ( U'r N -.11 - Sy stem 1 

lOtv Kg 

Structure 

‘>000 Kg 


n‘»(KXt Kg 


Flight Control 

Included uiidcr the category of lligltl control aie th. guidance nangalion attitude t\|v sensors siieb 
as IRC. star traekeis .ind hori/on vi’M'rs and the propuKion system to peil'orm attitude and orbit 
maintenance ir.anein ers 



A LO’ Ll|s piopulsK’n system has been selected tt' pumde attitude eOiriiol^oi the base rather than 
CMCi's due to the large distnrb.inees iim>l\ed and the relatively easy pointing requirements 
(between ‘ 1 deg and degi. An I .irih miented attitude has been sclecleil which has the s:itellite 
K'ing construeted toward the center of the I arth 


Orbit mamten.iiKe in leniis oi m.imnn.img a lairly eonstant altitude 47 .’ Km i 1 Km obviously 
requires tlie use of a propuNion system 

The 'cleeteil propulsion %y slein uses I O ■< I 1 1 •< aiul lor an aeeeleralion level ol 1 0 g's (s.iiellite 
design eondiiionst. a total tlmisi of 2~0<H)N is reomied lor moving the eombmed mass of the b.ise. 
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one module and oiie antenna. Distribution of the thrustets around the base will occur to minimize 
the impact on the stnictun. The average orbit decay rate is estimated at 1 Km/day. Orbit makeup 
is perfonned daily with the average propellant requirement being 800 Kg/day. 

The propulsion system mass including 90 days of propellant is estimated at 80000 Kg. 

3.2.1. 1.3 EnvironHental Factors 

The principal environmental factms that inHuence the design of the construction base or its 
operations indude radiation, meteoroids, occultations. gravity gradient and drag and collision with 
manmade objects. All of these factors have been discussed in prior paragraphs, except collirion 
Consequently, the previously discussed items will be summarized while collision will be discussed in 
more detail. 

Rarhation 

Radiation effects on personnel at the Lf'O construction base are primarily in the area of EVA 
activity since the 3 gm/cm~ wall density in the manned compartments is more than adequate to 
allow the 90 day stay times. Although a bare minimum of EVA activity is anticipated, should it 
occur, it most likely would be restricted during pass;^:i-s through the South Atlar>tic anomaly. 

Meteoroids 

Protection against meteoroids is provided by the double wall bumper used around all manned 
habitats. 

Occultations 

The principal impact of the occultations of the base which txcur I limes per day are in the arc.i^ 
of electric power supply and thermal as|x*cts of the structure. In the casi* of the impact on the 
electric power supply, it means sizing the primary system so that the system used during occultation 
can be recharged. The penalty for the larger power system is lelatively small however, in the era of 
low mass, low cost solar arrays. Use of graphite /epoxy structure in both the satelbte and constnic- 
tion base structure should minimize the impact of themial effects. 

Gravity Gradient and Drag 

Most construction concepts will orient the construction base so it is passively stable for attitude 
control and minimize gravity gradient torque. Although the LEO constmetion base required con- 
siderably more orbit keeping, altitude control propellant per day. it still a'sults in less than one 
HLLV launch per year for this propellant makeup. 

Collision 

Large amounts of debris from manmade space systems have resulted in some concern regarding LEO 
construction. The approach used in ertablishing the number of potential collisions and an initial 
estimate was presented in the Part I Final Documentation Volumes III and V (D180-20b89-.t and 
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-S, mpectively >. Th^ number of potential collisions has been since updated as well as the identifi- 
cation of methods which can be used to avoid collision. Ptior to this discussion however, it should 
be noted that the problem of collision involves both the construction phase and the transfer phase 
from LEO to GEO. Rather than split this discussion between constructkm and transportation, it 
will all be discussed as one subject at this time. 

11m; number of collisions expected on a total satellite during LEO construction, transfer to GEO 
and thirty years of operating life at GEO are slrown in Figure 3.2-53. Tlte most dominating portion 
of tte flight is that associated with construction phase and the transfer through the first 3000 
iakniietcrs. where 1 7 and 22 collisions are estimated, respectively. The assumptions used in this 
estimate are shown, with key importance given to the Use of the object model as of the year 2000 
indtiding 500 objects added per year since 1075. The other key point to be considered with this 
data is that no attempt was mad? at cleaning up the debris or taking avoidance action to prevent 
collision. The method used to prevent . ollisions is presented in the following paragraphs. 

The method used to eliminate or considerably reduce the number of collisions during construction 
simply involves a rescheduling of the orbit trim (drag makeup) maneuver of the construction base. 

A amplified diagram of this operation is illustrated in Figure 3.2-54. For general planning purposes, 
the construction base has a nominal position. The actual position of the base relative to the 
nominal position is shown at the completion of each of the 1 5 revolutions ( I day) around the 
Earth. At the completion of the 15th revolution, an orbit trim maneuvei is performed and the 
gradual decay begins again. Collision avoidance operations take place in tne following manner. At 
a given revolution (such as number 4) it is determined that on revolution 5, the construction base/ 
satellite will be hit by an object (approaching perpendicular to orbit track) if no corrective action is 
taken. .At that time, however, an unscheduled orbit trim maneuver will be initiated which will 
increase the altitude of the base and as -.iich results in lower orbital velocity, and on a relative posi- 
tion basis, puts the construction base at a new {vosition for revolution 5, which is approximately 7 
kilometers downtrack from (he oripnal tHrsition of revolution 5. and consequently should eliminate 
the possible collision. The key ‘actor in this avoidance operation is a need for approximately I rev- 
olution of warning time, that could be obtained from both on-orbit and ground tracking systems. 

Objects coming into the construction base, along a more tangential path can also be avoided using a 
similar technique, but requiring a greater change in altitude and consequently more propellant. This 
operation is shown in Figure 3.2-55. For example, a change of b kilometers in altitude requires 
approximately Ki.OOO kilograms of propellant. Since the large change in altitude alsii results in 
excessively large changes in along track position, a deorbit maneuver is also required (16.000 kilo- 
grams of propellant), thus bringing tiie construction base back to its nominal position. 

Avoidance during transfer can also be accomplished in a similar manner with approximately 1 revo- 
lution of warning time. In this case, however, should a collision be predicted for the satellite 
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Figure 3.2-S3 Number of ConWons Photovoltak CR«1 SutdHte 



Figure 3.2-S4 Cotlision Avoidance During Construction Perpendicular Objects 
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• TANGENTIAL COLLISION OBJECTS 

• ^2%OF OBJECTS 

• PROP EXPENDED IS ADDITIONAL 

• DEORBIT RED'D TO REDUCE LARGE 
ALONG TRACK POSITION CHANGE 


Figure 3.2-SS CoBision Avoidaiice During CoiBtruction Along Track Objects 
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moduk, at a point in its next revolution, the transfer thrust can merely be terminated for a time 
period, thus placing the satellite behind its previously anticipated position on the next revolution 
and consequently eliminate or avoid the collision. 

In summary, the described operational procedures appear to offer an approach to reduce the 
number of collisions to zero with a minimum of penalty. 

5.11.1.4 Grew Operations 

This section addresses the following crew-rclaled topics: scheduling, productivity, and organiza- 
tion: The crew schedule and productivity factors will be applied in all other crew sizing estimates. 

5.11.1.4.1 Crew Schedule 

The ciew scheduling concept that was used in all of the construction task timelines, crew sizing, and 
crew transportation analyses was the following: 

90 Day Staytime 
6 Days On/1 Day Off Per Week 

10 Ilrs Per Day Work Shift Using a 5/I/.S/I3 Work Rest Cycle 
2 Shifts Pej Day (2 Crews) 

The selection of this scheduling concept was described in Section .'.4.2 of the Part 1 Final RepiUt. 
5.2.1. 1.4.2 Operator Productivity 

When considering the amount of work time |HT day. it is nea*ssar> to take into acciHint fact 
that operators do not work at IOO't of their capacity throughout a work shift. It is neccs,sary to 
take into account operator fatigue, delays and personal factors. 

The data shown in Figures .).2-.''(> and 3.2-57 is based on Bsieing manufacturing experiena* data. 

F'or the purtx>ses of establishing machine operating rates, a pn>diictivity factor of 75'.' over a 10 
hour work shift was applied. .\ typical application of this prvxluctivity factor is s'u'wn below; 

( 32 Days ,\vailable\ / 20 Hours Hours Available 

Per Module / \ Per Day / Per Module 

O / 2 Shifts/\ / 10 Hours/ \ 20 Hours/ 

\ Day / \ Shift / Day 

3. 2. 1 . 1 .4.3 LEO Base Crew Organization 

The operators and associated personnel have Ixvn combined into the organi/ational structure shown 
in Figures 3,2-5v*t through 3.2-<i7, .A total of 47.S people will be at the LFO base. 
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^ NUMBERS IN 1 1 INDICATE THE NUMBER OF 
CREW MEMBERS REOUIREO TO STAFF THE 
INDICATED JOB OVER 2 SHIFTS 


Figure 3.2>S8 LEO Base Personnel 



IN ALL THIS AND ALL OTHER ORGANIZATION 
^ CHARTS, A MANAGER WHO WAS COUNTED IN 
A HIGHER LEVEL ORGANIZATION CHART IS 
NOT INCLUDED IN THE TOTAL SHOWN HERE 


Figure 3.2-59 LEO Base Personnel (Continued) 
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■ BEAMMAOtW 
2112 x 2-6 
‘MANirOP 
6x2x2-a4 

l> 


TOTAL -68 


MODULE 

CONSTRUCTION 

MGR 

1 

1 

118) 

(ISil 

1 

POWER 
COLLECTION 
SYSTEM 
ASSY 
MGR 12) 


SUBSVS 

INST 

MGR 


U SOLAR ARftAV U THRUSTER INST (81 

I OEPLOYER OP I 

I 4x2x2-16 Um|SC(B> 

•- BUS INST 

(DONE BY SOLAR 
ARRAY DEPLOVERS 
ANOMANIP(»t. 


O miERE THIS NOTATION IS LISTED, 

IT SHons ma of machines) x 

(NO. Of OPERATORS PER MACHINE) x 
(NO. OF SHIFTS) « (TOTAL NO. OF CREW 
HEM8EAS RECRIIREO FOR THIS JOS) 


Figure 3.2-60 LEX) Base Personnel (Continued) 


spxisn 



WHERE THIS NOTATION IS FOUND. 

^ IT SHOWS (NUMBER OF PEOPLE REQUIRED 
PER SHIFT) X (NO. OF SHIFTS) - (TOTAL 
NUMBER OF CREW MEMBERS REQUIRED 
TO FILL THIS JOB) 


Figure 3.2*61 LEO Base Personnel (Continued) 
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ORIGINAL PAGE IS 
OF POOR QUAUm 


4ni4S7 


TOTAL -48 



1x2-2 


Figure 3.2-62 LEO Base Personnel (Continued) 


Vt-MCS 



0 

THESE PERCENTAGES WERE BASED 
ON BOEING AEROSPACE COMPANY 
MANUFACTURING EXPERIENCE DATA 


Figure 3.2-63 LEO Base Personnel (Continued) 
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SPS14&8 



MAT'LS 


MAVLS 

RECEIVING 


DISPERSAL 

SUPV 


SUPV 



1 

(2) 


K- CARGO MASTER 
1x2-2 

HUV UNLOADING 
1x2-4 
GANTRY OR 
2x2-4 

K SORTER OP 
4x2-8 
L. INV CONT 
2x2-4 


•TRANSPOP 
2x2-4 
‘MACHINE 
LOADER 
10x1 - 10 


TOTAL -42 


Figure 3.2-64 LEO Base Personnel (Continued) 


SPS 1460 


TOTAL - 40 



Figud 3,2-65 LEO Base Personnel (Continued) 
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mi482 

TOTAL - 39 



Figure 3.2-66 LEO Base Personnel (Continued) 

SKuet 

TOTAL • 77 



2x2 >4 PERSONNEL 

2x4 • (S) 


Figure .3,2-67 LEO Base Personnel (Continued) 
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3.2.1. 1.5 MasSmuiMfy 

A mass sumnuiy for a coniplete construction base caoable of constructing one satellite per year is 
presented in Table 3.2-10. The dry mass of the base is 5.6 million Kg and with 90 days of con- 
sumable included the total mass becomes S.87 millicn Kg. The largest contribution to the mass is 
the foundation (structure) and the ten crew modules. 

3.2.1. 1.6 CostSmamary 

The cost summary for the construction base is presented in Table 3.2-1 1. Bask hardware costs are 
estimated at approximately S4.8 billion. An additional $2.2 billion also exists in the form of 
mrious wraparound cost items. The indicated costs were developed using mass statements and unit 
quantities developed by Boeing and cost CER's of JSC and Boeing. A learning factor of 0.9 was 
applied to all systems having mote than four bask units. 

3.2.1 .2 GEO Final Assembly Base Construction Analysis 

The following construction data pertains to the GEO final assembly base used in the LEO construc- 
tion concept. 

3.2. 1 .2. 1 GEO Construction Operations 

3.2. 1.2.1. 1 Top-Level GEO Construction Tasks 

The conslniction tasks to be accomplished at the GEO base are sunmiarized in Figure 3.2-68. Each 
of the tasks are discussed in the following sections. 

3.2. 1.2. 1.2 GEO FituI Assembly Base 

The GEO basv.- shown in Figure 3.2-(i8 consists of one platform 1600m x 1400m that supports all 
of the final a.ss-*mh!> “nd deploy nient equipment. A more complete discussion cf the base is 
presented in Section 3.2. 1.2.2. 

3.2. 1 .2. 1 .3 Detailed Construction Task Analysis 

3.2. 1.2. 1.3. 1 Module Berthing (Docking) 

The first task to be performed after modules reach GEO is that of their berthing (docking) to fomi 
the complete satellite. The concept employed to perform this operation is illustrated in 
I igure 3.2-6‘). 

Four docking systems are used with each involving a crane and three control cables. Tension 
applied to the cables allows the modules to be pulled in. provides stopping control and attitude 
capability. Also required in this concept is an attitude control system including thrusters which are 
not shown. Additional characteristics of the docking crane are diown in Figure 3.2-70. 

The major docking operations a .>ociated with the modules at GEO are illustrated in Figures 3.2-7 1 
and 3.2-72. The initial step ai 1=0 hours has the N+l module having • rrived in the near vicinity 
of motliile N which is already at GET). Module N+l is at a po.sition below module N and 
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TaMe 3.2-10 LEO Coattroctioii Bae ROM Mmk 


FACILITY 

FOUNDATION 
CREW MOOULES 

CARGO HANOLING/DISTRIBUTION 
BASE SUBSYSTEMS 

MAINTENANCE PROVISIONS 100 

CONSTRUCTION AND SUPPORT EQUIPMEN-^ 

STRUCTURAL ASSEMBLY 80 

ENERGY COLLECTION/CONVERSION INSTALL. 60 

POWER DISTRIBUTION INSTALL. 20 

ANTENNA SUBARRAY.<SEC STRUCT INSTALL. 30 

CRANES/MANIPULATORS 180 

INDEXERS 30 

DRY TOTAL (5600) 

CONSUMABLES 190 DAYS) (270) 

TOTAL (5870) 

1 INCLUDES 33S GROWTH ALLOWANCE, 

OTHER ITEMS DO NOT INCL GROWTH. 
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Tdiie3.2-ll IfOCoHtraclioiiltawROMOwt 


FAaUTY 

FOUNDATION 350 

CREW MODULES 2870 

CARGO HANOLING/DISTRIBUTION 330 

BASE SUBSYSTEM 15 

MAINTENANCE PROVCSIONS 

CONSTRUCTION AND SUPPORT EQUIPMENT 

SiRUCTURAL assembly 3S0 

ENERGY COLLECTION CONVERSION INSTALL IBS 

POWER DISTRIBUTION 75 

SUBARARY INSTALL 80 

CRANES/MANIPULATORS 560 

INDEXERS 80 


BASIC HARDWARE 

SPARES (iS%l 
INSTALL. ASSY, C/0 (16%) 

SE a 1(7%) 

PROJMGT(2%) 

SYS TEST (3%) 

GSE(4%) 

TOTAL 


$ 10 ^ 

( 3466 ) 


(1310) 


(4775) 

715 

765 

335 

95 

145 

190 

(7020) 



%OF BASIC HARDWARE 
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F%ur« 3.2*70 Docking Crane 
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• MOOUUN*ICCM»UmS 
MNOCZVOUS 


• START MOOUIC ALKM (ACSI 

• ATTACH CASlit 


i_E 


>*OO.N 


lonai 




SIITXnitAB 


:iwo6. N*i ; V » mnjg ms 

KPAIIATIN6 VEL • 144 METW 


(S)4T«2f MRS 

• a»:n.m almskment 

• Am.V CABLE TENSION 

UNTIL KPARATING VEL CHANCES 
TO CL0SU40 VEL OF BBS M|S 












FREE FLVINO 
■ DOCKING M00ULE8 
«MTH CABLES 


K— BOON 


®*T*31HRS 

• ATTACH ALL CABLES 

• CONTINUE TENSION 



Figim 3.2-71 GEO Docking Operations 


0 • T • 31 HRS 

• ATTACH ALL CABLES 

• CONTINUE TENSION IN 

FRONT CABLES 

• AT CRANE TIF. FRONT 
CABLES BRAKE. REAR 
CABLES FULL 


(g) • T - 3B HRS 

• DECREASE CLOSING 
VEL TO 0.006 M/S 

• CABLE CONTROL 


^ • T • 44 HRS 

• CLOSING VEL TO ZERO 

• cable cont 

• READY FOR STRUCT 
ATTACH 




Figure 3.2-72 GEO Docking Operations 
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consequently has a greater orbital velocity and for the specified altitude difference, a separating 
velocity of approximately 0.04 meter per second (144 meters per hour). Step 2 illustrates module 
N-H having moved ahead of module N approximately 500 meters due to the separating velocities. 

At this point, free flying decking modules carry cables to module N-t-l for the initial attachment. 
Also, realignment of the attitude of the two modules occurs to simplify the docking operation. In 
Step 3 and 29 hours after the operation has begun, alignment has been completed and a tension of 
100 Newtons has been applied to each of the four lines so that the separating velocity has been 
changed to a closing ' elocity of 0.05 meter per second. Tension applied over this time period 
results m loads of 3 x 10^ g s. At T = 3 1 hours, the remaining cables are attached again using 
docking modules, however, these cables remain slack. Tension of 100 Newtons is applied until a 
separation distance of approximately 600 meters is reached. 

The 4th major step. T = 3 1 hours, is again illustrated but with additional detail. The key iKJint tf> 
be made is that the four cables remain under tension and pull the modules together until the leading 
edge of the module N+l passes the end of the crane extending from module N. At this point, the 
front cables switch to serve as a braking device and the back cables come under tension and begin to 
pull the module together. At T = 36 hours, the modules have closed to 100 meters of >epar.ition 
and the closing velocity is decreased to 0.005 meter per second. Finally, at T = 4o hours, the 
closing velocity has been reduced to 0 and the modules are ready for structural attachment. 

3.2.1. 2.1.3.2 Module Attachment 

After the modules are docked, the adjacent edges of the modules arc interlocked using strut inserts 
that are put into position by the crane/manipulalors that are carrieu by the docking cranes. 

The bus bar connections between modules are accomplished by a 1 lOm crane, manipulator that '% 
maneuvered on the facility track system. 

3.2.1. 2.1.3.3 Sobr Array Deployment 

The solar array blanket packages that are attached to the edges of bays arc deployed by four solai 
array deployment machines that operate in parallel. The Nolar array deployment machines used at 
GEO do not have the blanket magazine or blanket installation mechanisms required by the LI (> 
solar array machines so consequently only one operator per machine is allocated. 

The solar array that was deployed to provide self-transport power will he annealed by the annealing 
system previously installed at LEO. 

3.2. 1 .2. 1 .3.4 Antenna Installation 

On moilules 4 and 8. the antenna/yoke assembly is transported to (iHO by being hinged under the 
module as shown in Figure 3.2-73. At GFO. the antenna is rotaleil up to its proper locati«>n using 
electric motor actuators that were used to initially hinge the assembly underneath the iiuhIuIc foi 
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• CONSTRUCT IN LEO 

• TRANSi>ORTTO 
GEO 



/ / 



Figure 3.2-73 Antenna Final Installation 
Photovoltaic Satellite 
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Lamport. Once the amenna/yoke assembly is in position, structural tk;s are made between the 
yoke/module interface and the power busses are spliced. Ilie structural and power bus interfaces 
are accomplished by I lOm crane/manipulator operating from the facility. 

3.2.1.2.I.4 Equipment SumnMry 

The GEO base construction equipment is summarized in Table 3.2-1 2. Spares are not included in 
this summary. 

3.2. 1.2.2 GEO Final Assembly Base Description 

3.2. 1.2.2. 1 Conf^uration 

The overall configuration of the GEO final assembly base is ^own in Figure 3.2-74. The base has 
overall dimensions of 1400m x 1600m x 100m with two decks of operation. The upper deck sup- 
r Jrts the crew and maintenance modules and docking facilities for transportation systems and 
payloads. The Hwer surface of the facility supports the four solar array deployment machines. 
Docking cranes used in berthing the modules are also attached to the base when not in use or when 
the GEO base is transferred to another longitudinal location. 

3.2.1. 2.2.2 Foundation 

The foundation tstnictuR'l of the base has been sized to provide a natural frequency of .^0 cplir 
which is greater than that of a single satellite module. The primary structure consists of 20m beams 
forming a grid pattern for both the upper and lower surfaces of the base. A total beam length of 
55.000m has been estimated. 

3.2.1. 2.2.3 Cargo Handling and Distribution 

Movement of satellite components from central receiving to the module will not be required except 
in the case of replacing items that may have been damaged during the transfer from LEO or during 
the berthing of the modules. A logistic network and personnel bus is necessary, however, to move 
the crews from the living quarters to such remote work stations as the solar array deployers. A 
listing of all the cargo handling and distribution equipment is presented in Table 3.2-13. 

3.2.1. 2.2.4 Crew Modules 

The GEO base has a crew si/e of 65 and only a minimum of construction operations so conse- 
quently. ait functions can be incorporated into a single ciew module. The module is similar in 
design to the crew quarters modules used at the LEO construction base. The major modifications 
to the LEO nuHlulcs are as follow s; 1 ) incorporation of an operations deck in place of one of the 
three personnel decks since only 65 rather than 100 people are housed in the module, 2) add an 
eighth deck which serves as a solar fiare radiation shelter. Assuming a shielding requirement of 
20 to 25 gm, cin~. the shelter will add an additional 1 1 5.000 Kg to the basic module mass. Within 
the shelter will be provisions for up to five days and controls to operate the complete base on a 
standby status 
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Table 3.2-1 2 GEO Base CoiBtniction Equipment 
Photovoltaic &it^te 


SPS1481 


EOUIPItENT ITEM 

NUMBER REQ*0 

EQUIPMENT ITEM MAJOR ELEMENTS 

NO. REQD 
ITEM 

• DOCKING CRANES 

(MASSEgKKs) 
(COST$S2M) ^ 

4 

• CARRIAGE 

• BOOM 

• WINCH SYSTEM 

• DOCKING PROKS 

• CONTROL CAB (2 MAN) 


• 2SM INOEXING^SUPFORT 
MACHINES 
(T’JLSS Kg) 

(COST$3M) 

6 

• CARRIAGE 

• BOOM 


• 60M MANIPULATOR/CRANES 

(MASS 7 *- Kg) 

(COST S18M) 

4 

• CARRIAGE 

• ELEVATOR BOOM 

• TRANSVERSE BOOM 

• CONTROL CAB (1 MAN) 

• MANIPULATOR ARMS 


• SOLAR ARRAY DEPLOYMENT 
MACHINE 
(MASS Kg) 

(COSTS4SM) 

4 

• gantrya:arriage 

• DEPLOYMENT CARRIAGE 

• BLANKET END HANDLER MECH 

• EDGE ATTACHMENT MECH 

• CONTROL CAB (2 MAN) 


• SOLAR ARRAY ANNEALING 
MACHINE 

(T80) 

(TBO) 



^ ALL COST REFLECT AVG UNIT COST AFTER APPLYING LEARNING FACTOR OF OA 
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Figure 3.2-74 GEO Final Assembly Base 
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QUALITY 


S9M82 


Tabte 3.2-13 Cai;^ Handling mid Distribution Eqai|nnait 
GEO Final AssrnnUy Base 


EQUIPMENT ITEM 

NO. RED'D 

MASS(EA) 103Kg 

1 

COST (EA) S106 

• OTV CARGO DOCKING PORT 

1 

1 

4 

• OTV CARGO EXTRACTION SYS 

1 



• OTV TANKER PORT 

1 

1 

4 

• OTV TANKER CARGO EXT SYS 

1 



• OTV PERSONNEL DOCKING PORT 

1 



• PERSONNEL AIRLOCK SYS 

2 



• CARGO SORTING MANIP/CRANE 

1 

3 

6 

• CARGO TRANSPORTER 

2 

OJ 

2 

• 10 MAN CREtN BUS 

2 

B 

4 

• TURNTABLES 

IS 



• CONTROL CABS FOR LOGISTKS 




EQUIP 

2 



• OTV DOCKING 

1 



• CARGO SORTER 

3 




Subsystems used within the module are the same as for the LEO constniction crew quarters 
modus 

.3.2.1. 2.2.5 Base Subsystems 

The two key base subsystems are the electrical power and flight control systems. An operating 
electrical load of 26C Kw has been estimated. Use of satellite type solar arrays results in an .iiray 
size of 1 700 square meters. Flight control in terms of attitude control, station keeping and transfer 
of the base »o the longitude location of the next satellite will make use of a LOi/LH^ propulsion 
system. 

3.2. 1.2.3 Environmental Factors 

The principal environmental factors that influence the design of the final assembly base or its 
operations include radiation, meteoroids, occult itions, gravity gradient and drag and collision with 
manmade objects. 

Radiation 

The major impact of the radiation environment at GEO is the provision of a solar flare radiation 
shelter as described in Section 3. 2. 1.2.4 and revisions to EVA operations should they be necessary. 
Since the natural GEO radiation environment -s more severe than in LEO when EVA is required 
consideration must be given to either EVA suits with more shielding or shorter EVA periods must 
be used in order to not exceed the allowable radiation levels for crewmen. 
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Meteoroids 

Ai this timo. no ilitTcrencc has boon dctlned for the meteoroid environment at GEO versus LEO. In 
both cases, bumpers will be used around all manned modules. 

Occultniions 

The impact of occultations on the (JhO base solar array design is less than for the LEO base since 
only 88 occultations occur per year and with the -.laxiinum durations being approximately 70 
minutes at the time of the two equinoxes. Sliadowing from the base will necessitate external 
lighting. 

Gravity Gradient and Drag 

Gravity gradient at GEO has been estimated to be only 0.4'r as ^'cat as at LEO and drag is 
cssentiallv negligible. 

CoULsion 

The complete collision analysis has been presented in Section 3.2. 1.1.3. The one year final 
assembK of tlie total satellite adds approximately 0.,> of a collision to the total number of collisions. 

3.2. 1.2.4 Crew Sunimarv 

Hie (il O bass, peisonnci are summari/ed in tiic organizational chart shown in Figure A 

total of (>.' tiew members are required at the GEO base. Table 3.2-14 summarizes the crew si/e at 
both the 1 1 O .ind the ( iFO f.K ilities 

3.2. 1.2..^ Mass Summar) 

A ROM in.iss tor tlie GEO final assembly ba.se including ‘>0 days of consumables is estimated at 
SSO.OOO kg. \ m.i's breakdown of base is presented in Table 3.2-15. 

3.2. 1.2.6 Cost Summary 

rile loi.i! unit i.osi < ROM i of the til O base for the LEO construction option is estimated at 5 ■ I 72 
million of whiJi approxim.iteK SSOO million is the basic l.ardwaa* with the remainder associated 
with the wraparound items. I'niike the LEO base cost, the construction equipment cost is greater 
than that of llic 'aulity primariK because there is only one crew module. A cost breakdown is 
presented m I able 3.2-l(>. 
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Table 3.2-14 LEO Constnic*'on Manpower Estimate 


LEr BASE GEC BASE 


BASE MGMT 

CONSTRUCTION 

MGMT 

module CO'.ST 

ANTEVfJA CONST 

SU3ASSEM8LY 

VAINT 

LOGISTICS 

TEST,'QC 

BASE OPS 
MGMT 

TRANSPORTATION 

COMM 

DATA PROCESSING 

BASE SUPPORT 
MGMT 

BASE UTILITIES 
HOTEL 
MEDICAL 
FLT CONT 

BASE TOTAL 


no) 

(5) 

(3521 

(20) 

22 

4 

68 

B 

82 


i9 


49 

6 

42 


40 

2 

(39) 

(!6) 

7 

4 

18 

4 

8 

6 

6 

2 

(77) 

(26) 

8 

4 

14 

6 

38 

8 

13 

4 

4 

4 

478 

67 


TOTAL 646 
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TaMe 3.2-15 GED Final Asaembiy Base ROM Msk 

llpKg 


FACILITY 

FOUNDATION 
CREW MODULE 

CARGO HANDLING, 'DISTRIBUTION 
BASE SUBSYSTEMS 


280 

335 

55 

10 


B> 


CONSTRUCTION & SUPTORT EQUIPMENT 


SOLAR ARRAY iNST 50 

CRANE MANIPULATOR 15 

INDEXERS 6 

DOCKING CRANES 1M 


( 680 ) 


( 175 ) 


CONSUMABLES (90 DAYS) 
|j]>INCLUOES RADIATION SHELTER 


DRY TOTAL 


TOTAL 


( 855 ) 

( 35) 
(880) 


Table 3.2-16 GEO Rnal AssemUy Base ROM Cost 


FACILITY 

FOUNDATION 30 

CREW MODULES 300 

CARGO HANDLING/OISTRIBUTION 50 

BASE SUBSYSTEMS 2 

CONSTRUCTION EQUIPMENT 

SOLAR ARRAY INSTALLATION 165 

CRANE/MANIPULATOR 35 

INDEXERS 15 

BERTHING CRANES 210 


BASIC HARDWARE 


SPARES 

INSTALL, ASSEMBLE, C O 
SE&I 

PROJECT MANAGEMENT 

SYSTEM TEST 

GSE 




TOTAL 

146 


S10® 

(382) 


(4251 


(807) 

120 

123 

55 

15 

17 

30 

( 1172 ) 
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3.2.2 GEO G>nstnictkMi Coacept 

The GEO construction concept is illustrated in Figure 3.2-'76 and begins with a LEO staging depot, 
which has the capability to transfer payloads from a launch vehicle to orbit transfer vehicles and to 
house and maintain the orbit transfer vehicle fleet. Transfer of all payloads between LEO and GEO 
is accomplished using LO 2 /LH 2 OTV’s. Construction of the entire satellite including antenna is 
done at GEO. The reference satellite for the GEO construction option is a monolithic design rather 
than modular as in the case of LEO construction. 

The following sections describe the construction tasks, facilities, construction sequences and the 
differences between the GEO construction concept and the LEO construction concept described 
in Section 3.2.1. 

3.2.2. 1 LEO Staging Depot Analyris 

3.2.2.1.1 Operations 

The LEO staging depot is sized to support the construction of one satellite per year. The principal 
functions of the depot and the number of docking ports required are presented in Table 3.2- 1 7. 

One SPS component OTV flight per day is based on a five day a week launch and flight schedule. 

As such, the depot must provide accommodations for three launch vehicle payloads: one being the 
SPS components and the other two being propellant tankers used to refuel the orbit transfer 
vehicles. Since the orbit transfer vehicle propellant loading requires slightly more propellant than 
can be provided by two tankers, a storage tank is also provided at the staging depot and is refueled 
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• REPUEL/REFUR80TV’* 
Figare 3.2*76 GEO CoRStractioB Concept 
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Table 3.2>17 Staging Depot Requiiciiienta 


Mint 




DOCKWIC POUT 


• 1 CAROO OTV FLT»AV 




OTVSTC1 

OTVSTC2 

CARGO module 9«00Mf>0NeinB| 


TANKER 1 
TANKER 2 
TANKER 3 


IS HOURS FOR ntANSEER 
(ARRIVES AFTER T-1 LEAVES 


• 1CREWRaTATKMUIIEaum.V 
FLT/3SOAVS 

tSRMILTAMEOUBSNTH CAROO FLTI 


t OTV STG 1 
1 OTV STC 2 
1 SUm.Y MODULE 

1 CREW MODULE (FLTOOMT a KRS. MODI 
1 TANKER 1 
1 TANKER 2 

- TANKER 3 (ARRIVES AFTER T-1 DEPARTS 

- (40 CREW module (DOCKS TO TRANSIEMT 

CREW QUARTERS 


• SPARES 


I OTV STC 1 
1 OTV STG I 
1 CREW MODULE 


propellant STORAGE 


combination LOj/tM} TANK 
«1MKCCAPACITTI 
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every fourth OTV flight. Other docking accommodatiom are provided for a dedicated OTV used 
for GEO crew rotation/resupply on a once per month basis. This operation also requires docking 
for supply modules and crew transfer vehicles. 

The crew rotation operations associated with the GEO construction concept are illustrated in 
Figure 3.2-77. Two shuttle growth vehicles are used to deliver 160 people to the LEO staging 
depot once per month. A crew rotation/iesupply OTV delivers the new arev to the GEO con- 
struction base. The OTV then returns to the LEO staging depot with 160 people who have 
completed their duty. The two orbiters which delivered the new crew to the staging depot then 
return the old crew to Earth. 

3.2.2.1 . 2 System Description 

3.2.2.1.2.1 Configuration 

The LEO staging depot consists of three crew modules and 1 5 docking ports for the various system 
elements. The functional arrangement including identification of those elements having functional 
intcrt'accs is shown in Figure .^.2-78. The configuration of the staging depot is presented in Figures 
3.2-79 and 3.2-80. (NOTE: The arrangement of the docking ports is sliglitly different from the 
functional arrangement which is the most updated.! 

3.2.2. 1.2.2 Foundation 

The foundation of the staging depot consists of 20m beams forming an overlap grid pattern 
consisting of 2300m of K'am. 

3.2.2. 1 .2.3 Crew Modules 

Three crew modules ha\e K*en provided at the staging depot. One module serves as a combination 
crew quarters for the 75 |H“ople and the operations center for the depot. A second module is used 
as a transient crew quarters to accommodate 160 personnel which is the quantity that is rotated at 
the ( EO base each month. A maintenance module is also included at the depot for repair work 
primarib on the transportation systems and payload handling systems. The crew modules have the 
same design approach as described in Section 3.2. 1. 1.2.4. 

3.2.2. 1.2.4 Vehicle and Payload Handling 

The overall coiKcpt of vehicle and payload handling consist of having incoming vehicles dock 
directly to the depot and then utilize a crane/manipulator to stack the various elements to form the 
desired vehicle as shown in I igure 3.2-80. For payloads that are removed from the payload shroud 
of the launch vehicle, the docking system is located on a pedestal to allow the removal as shown in 
Figure 3.2-80. Pay loads are moved around the depot through the use of cargo transporters or the 
crane 'manipulator. 
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3.2.2.1.2.5 PropeOant Storage and Distrilwtion 

Under normal conditions, one cargo OTV flight per day requires 830,000 Kg of propellant. Two 
propellant tankers can deliver and transfer directly to the OTV 720,000 Kg of propellant thus 
resulting in a 1 10,000 Kg deficit. The remaining propellant is then provioed by a third tanker 
which can again transfer directly to the OTV or to a storage tank which c»n in turn transfer the 
propellant to the OTV’s. This results in the storage tanks being sized to hold all of the propellant 
from one tanker (360,000 Kg). A larger storage capacity hu.s not been provided since if the tankers 
are unable to reach the staging depot due to weather, etc., launch vehicles delivering satellite com- 
ponents would also be cancelled. At this point, the only justification for more storage is for the 
case of the ground propellant production capability being restricted or shut down for a short time 
period while the payloads could still be launched. This case, however, is ^speculation. A more 
complete analysis of the logistics associated with material and propellant will be conducted in 
Part 111 of the SPS study. 

The method used to transfer propellant from one vehicle to another is that of capillary acquisition 
using suspended screen channels as defined by General Dynamics in study NAS9-1S305. A total of 
15 hours is assumed for the transfer of 830.000 Kg of propellant when using this transfer approach. 
A liquifaction unit is also included to minimize the effect of boil-off. 

3.2.2. 1.2.6 Base Subsystems 

Primary Power is provided by a body mounted solar array with blanket characteristics the same as 
for the satellite. The anay is sized for a load of 1000 Kw as shown in Table 3.2-18. 

Table 3.2-1 8. Staging Depot Power Requirements 


ECLS 300 

Internal Lighting 90 

External Lighting 60 

Infonnation System IS 

Propellant Management 35 

Base Load 500 Kw 

Sec. Power Recharging 300 

Conditioning 100 

Distribution 100 

Total 1000 Kw 


The basic solar array for the load would require 7000 m- however with fixed body mounted cells a 
total of 35.000 m" is required. 

Nickel hydrogen batteries are used for the secondary power system used during occultations. 
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A total power Nvsteni mass ol 30.000 Kg has been estimated. 

The flight control/siatioii keeping capability is provided by a LO-»/LHs system. 

3.2.2. 1.3 Envir<innienlai Factors 

The environmental factors for the LfO staging, dejx»t arc the same as discussed for the LEO 
construction base in Section 3.2. 1.1.3. 

3.2.2. 1.4 Crew Summary 

A crew size of 72 has been estimated to operate the LEO stagmg depot. Again this value is based on 
work schedules of two shifts each 10 hours per day and (> days per week. A breakdown of the crew 
IS presented in fable 3. 2- 1 

3.2.2. 1.5 Mass Summary 

.\ ROM mass of T.SO.OOO Kg lias been estimated. A breakdown of the mass is presentv l in Table 
3.2-20. Mass eslini.aies for tlie propellant storage and distribution were based to some degree on the 
('•eneral D\ nannc' study results. 

3.2.2. 1.6 Cost Summary 

total ROM unit cost for the LhO stagmg depot has been estimated at SI 130 million .viih the 
basic hardware tontnlnitmg .s~S.> million and wraparound cost the remainder ol the total. A 
brcakdosMi of the ct'si esiim.iie is presented in lahle 3.2-21. 

3.2.2. 2 GEO Base Construction Analysis 

3. 2.2. 2.1 (iEO Operations 

3. 2. 2. 2.1. 1 To|>-Lc\el GEO Construction Tasks 

file top-le\el con^tructlon I.isks to he performed using the Gl t> construction approach .ire the 
following. 

• ('onstnu i Irame .is>emhl\ 

• Install solar arr.iy 

• lnst;ill power blisses 

• Construct install 2 \ oke .isviiihlies 

• Consiiiict install 2 antennas 

• Install attitude control s\^tcm 

• Install siihsy stems 
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Table 3.2>I9 LEO Staging Depot Crew Summary 
GEO Construction 


FUNCTION 


QUANTITY 

MANAGEMENT 


6 

DEPOT OPERATIONS 


12 

FLIGHT CONTROL 

(21 


COMMUNICATIONS 

(2) 


DATA MANAGEMENT 

(21 


UTILITIES 

(4) 


SUPERVISOR 

121 


HOTEL MANAGEMENT 


12 

MANAGERS 

(6) 


COOKS 

16) 


VEHICLE AND DEPOT MAINTENANCE 


16 

STRUCTURE 

12) 


MECHANICAL 

(6) 


AVIONICS 

(6) 


SUPERVISOR 

(6) 


VEHICLE AND PAYLOAD HANDLING 


14 

STATUS 

(4) 


DOCKING 

(41 


ASSEMBLY 

(4) 


SUPERVISOR 

(2) 


PROPELLANT MANAGEMENT 

TANKER OR HOLDING TANK 


14 

SYSTEM STATUS 

(2) 


TRANSFER OPERATION 

(2) 


MISCELLANEOUS 
ORBIT TRANSFER VEHICLE 

(2) 


SYSTEM STATUS 

(2) 


TRANSFER OPERATION 

(2) 


MISCELLANEOUS 

(2) 


SUPERVISOR 

(2) 

TOTAL 72 
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Table 3.2-20 LEO Staging Depot ROM Mass 


lO^KG 

FOUNDATION 15 

CREW MODULES 590 

BASE SUBSYSTEMS 30 

VEHICLE AND PAYLOAD 40 

HANDLING 

PROPELLANT STORAGE 55 

AND DISTRIBUTION 

DRY TOTAL 730 

CONSUMABLES 20 

(90 DAYS) 

TOTAL 750 

Table 3.2-21 LEO Staging Depot ROM Cost 

FIRST SET 

($ 10 ®) 

FOUNDATION 1 

CREW MODULES 645 

BASE SUBSYSTEMS '> 

VEHICLE AND PAYLOAD HANDLING 120 

PROPELLANT STORAGE AND DISTRIBUTION 15 

BASIC HARDWARE $785 

SPARES (15%) 115 

INSTALL, ASSEMBLY, C'O (16%) 125 

SE&I (7%) 55 

PROGRAM MANAGEMENT (2%) 15 

SYSTEM TEST (3%) 25 

GSE (4%) 30 

TOTAL S1 130 

il> % OF BASIC HARDWARE 
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3.2.2.2.1.2 GEO Construction Base 

GEO construction of the photovoltaic satellite will require two separate facilities at GEO as shown 
in Figure 3.2-81. One facility is used to construct the satellite while the other is used to construct 
the antenna. These facilities are similar in size and in function to the LEO construction facility 
described in Section 3.2.1. Therefore, these facilities will only be discussed in terms of their dif- 
ferences relative to LEO construction base facilities. 

It should be noted that, while in the figure these two facilities are shown to be separated, in opera- 
tional use, the antenn'* facility will be attached beneath the satellite facility most of the time. It 
will be detached only when the antennas are mated to the yoke. This is described in the following 
sections. 

3.2.2.2.1.3 Top-Level Construction Sequence 

The top-level construction sequence is shown in Figure 3.2-82. Note that the satellite facility must 
index both laterally and longitudinally. The operational sequence involved in mating the antenna to 
the yoke is shown in Figure 3.2-83. The overall timeline for the (iEO construction concept is 
presented in Figure 3.2-84. 

3.2.2.2. 1.3. 1 Alternate Antenna Construction Options 

Several alternate antenna construction insialiaiion options were investigated lor the GEO construc- 
tion option. These options arc illustrated in Figures 3.2-85 and 3.2-8(>. Two main categories of 
options were identified. The first considers the case where there is only one antenna facilit' but has 
two suboptions in the fomi of: 1 i I.A. the antenna tacihty is always contiguous with the satellite 
facility as in Figure 3.2-85 and 2) IB. the antenna facility is independent of the satellite facility as 
in Figure 3.2-86. 1 he second main option, II. makes use of two antenna facilities as shown in 
Figure 3.2-86. 


One of the most significant criten.i iiscil in assessing the options is that of the logistics problem in 
getting satellite and antenna components to their required location. This factor becomes a major 
issue since launch econon.ics (payload component densities) forces both t\ pes of components to 
be in each delivery from Earth. Otiier factors considered in the assessment include antenna instal- 
lation complexity, redundancy in oroital systems and facility design. I'he particular problem(s) 
with each of the investigated alternatives is indicated in the figures. 

3. 2. 2. 2. 1.4 Detailed Construction Task Analysis 

The construction of the satellite, antenna, and yoke will be accomplished identically to that 
described in detail in Section 3._. 1 . 1 . 1 .4. 

3.2.2.2.1.5 Construction Equipment Summary 

Since the construction operations are virtual'y identical to that described for the LEO construction 
concept the construction equipment previously given in fable 3.2-1 also applies. 
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Figure 3.2-82 Satellite Construction Operations 
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3.2.2.2.2 GEO ConstnH'tion Base Descriptioii 
3.12.2.2.1 Coiif^ration 

The general eon figuration of the eonstnietion base for the GHO a>nslnielion option is essentially 
the same as for the LEO amstruetion base deserilied in Scetkm 3.2. 1.1.2 but has a few small 
variations. One of these variations oeeurs in the form of outriggers on the side of the satellite 
eonstnietion faeility. Eaeh of these four outriggers is approximately 700m in length which allows a 
completed iKirtion of the satellite to be indexed laterally one bay length so it is outside construc- 
tion area >o additional sections of the satellite can be constructed. This particular operation was 
sluiwn previously in Figure .vlS2. 

.Another deviation of the tiK) construe 'ion base is that the antenna construction facilitv is designed 
so that it can be separated from and reattached to the satellite construction facilitv. This operation 
Is necessarv in the installation of the antenna as pn.*vioiislv distuss-'d in Section 3. 2. 2. 2. 1.3. 

3.2.2.2.2.2 Foundation 

The loiindation or siructure of the construction base has been assumed :o K* the same as for the 
LEO construction base desv ilx'd m Section 3.2.1. 1.2.2. 

3. 2. 2. 2. 2.3 Cargo Handling Distribution 

Tills svstem moves cargo and pervmiiel around the base- and is csst-iitiallv the s;ime as des».ribed for 
the LH) cviiistruclion b.i>».- m Section .'.2. 1.1. 2. 3. 

3.12.2.14 Crew Modules 

Ten crew modules including six crew quarters modules are j1s»> iisi-d at the (■! O construction base. 

I he definition of thev.- modules is es'K-niiallv the same as for those described for the LEO con- 
struction ba.v in Sc’ction ,'.2 1 1.2.4 with the exception that eaeh of the erew tjuarters modules has 
an eiglith ileck tlial senes .is ,i solar Hare radiation shelter. Hie mass jvnaltv for each of these 
shelters is estimated to be I I.^.OOO llg. 

3.2.2.2.2..5 Base Subsv stems 

I he electrical power s\ stem for the bav consists of satellite tv pe solar arrav s for primary power and 
nickel ludrogeii batteries during oeeiiltation. .Since oceiiltations at (IFO are of very short duration 
and oeeur very iiifreijueiillv (SS tunes per yearl it has been assumed the eon.stmetion work will shut 
down iluriiig these- periods and have no appreciable effect on the iimclme. Because the nickel 
hvdroeen system iloes not need recharging every day the total power requirement is 2(>00 Kw rather 
than .'200 Kw as tor the I I () eonsiruelion base. 

A LOs I lls flight control system is used to s;itisfy the fimetiois of attiliide control, station 
keeping and movement of the base to the next satellite location. 
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3.2.2.2.S Envkomneiifal Factois 

Environmental factors including radiation, meteoroids, occultations. gravity gradient and drag and 
collision with manmade objects ate the same as discussed for the GEO final assembly base in 
Section 3 . 2 . 1 . 2 . 3 . 

5.2.2.2.4 Crew Summary 

The crew size for the GEO construction base is Judged to be the same as for the LEO construction 
base or 480 since essentiallv the same tasks are being performed during the same time period. A 
breakdown of the crew would be similar to that defmed in Section 3. 2. 1 . 1 .4.3. 

3.2.2.2.5 Mass Summary 

A ROM mass of approximately 6.5 million kg has been estimated for the GEO construction base. A 
summary of the estimate is presented in Table 3.2-22. This mass is approximately 0.7 million kg 
heavier than the comparable LEO construction base primarily as a result of the additional mass of 
the solar flare radiation shelters. 

3.2.2.2.6 Cost Summary 

A ROM unit cost of approximately S7.5 billion has been estimated for the GFO construction base 
A summary breakdown is presented in Table 3.2-23. This base is approximately S0.5 billion greater 
than the LEO construction base again primarily due to the cost associated with the radiation 
shelters. 


163 



D180-22876-S 


Table 3.2*22 GEO Consiniction Base ROM Mass 


(ICpKG) 


FACILITY 

FOUNDATION 2500 

CREW MODULES 2690 

CARGO HANDLING DISTRIBUTION 400 

BASE SUBSYSTEMS 60 

MAINTENANCE PROVISION 100 

CONSTRUCTION & SUPPORT EQUIPMENT 

STRUCTURAL ASSEMBLY BO 

SOLAR ARRAY INSTALLATION 60 

POWER DISTRIBUTION INSTALLATION 20 

SUBARRAY INSTALLATION 30 

CRANES MANIPULATORS 255 

INDEXERS 70 


(5750) 


(515) 


CONSUMABLES (90 DAYS) 


DRY TOTAL 6265 

270 

TOTAL 6535 
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Table 3.2-23 GEO Construction Base ROM Cost 


FIRST SET 


S106 

FACILITY 

FOUNDATION 250 

CREW MODULES 3020 

CARGO HANOLING/OISTRIBUTION 330 

BASE SUBSYSTEMS 10 

MAINTENANCE PROVISIONS 


CONSTRUCTION AND SUPPORT EOUIPMENT 

STRUCTURAL ASSEMBLY 350 

ENERGY COLLECTION AND CONVERSION 165 

POWER DISTRIBUTION INSTALLATION 75 

SUBARRAY INSTALLATION 80 

CRANES/MANIPUl ATORS 760 

INDEXERS 125 


BASIC HmRDVVARC 

SPARES 

INSTALLATION. ASSEMBLY, C/0 
SE&I 

PROJ MANAGEMENT 
SYSTEM TEST 
GSE 


TOTAL 


(3610) 


(1555) 


(5165) 

775 

825 

360 

100 

155 

205 

(7585) 
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3.3 THtRMAL ENGINE SATELLITE CONSTRUCTION 

This section contains the construction analysis of the thermal engine satellite configuration shown 
in Figure 3,3-1 . There are two construction approaches that were analyzed; 1 ) LEO construclion- 
the satellite is assembled in modules at LEO and transported to GEO using self-powered electric 
thrusters, and then the modules are attached at GEO, and 2) GEO Construction-the satellite is 
Constructed in modular fashion at GEO. 

The LEO construction approach is developed in detail while the GEO approach is examined for its 
differences relative to the LEO construction approach. In the following sections, the construction 
tasks, facilities, assembly sequences, machinery, logistics and personnel are discussed. 

3.3.1 LEO Construction Concept 

For the thennal engine satellite, the LEO constniction concept s' in Figure 3.3-2 entails con- 
structing 16 modules and 2 antennas at LEO. individually transporting each module to GEO usmu 
self-powered electric propulsion, and at the GEO the modules are attached to form the complete 
satellite and the antennas erected. 
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The construction operations at the LHO base are described in Section 3.3. l.l. The ('»hO base 
operations are described in Section 3.3. 1.2. 

3.3. 1 . 1 LEO Base Construction Analysis 

3.3. 1 . 1 . 1 LEO Construction Operations 

3.3.1. 1. 1.1 Top Level LEO Construction Tasks 

The construciion tasks to be accomplished at the LbO base are summari/ed in ITpurc 3.3-3. Each 
of tliese tasks are discussed in detail in following sections. 

3.3. 1 . 1 . 1 .2 LEO Construction Base 

Vhc construction base to be used at Li ft in shown m Ticure 3.3-+. The base consists of three 
construction areas It the yoke and antenna construction area. 2) the retlector ^’iistniction 
factory . and 3i the focal point factory . Hie base is described in more detail m Sectum 3.3. 1.1.2. 

3. 3. 1.1. 1.3 To|vLevel Construction Sequence and Timeline 

I he retlector. the focal point and the antenna yi'ke assemblies are constnicted m parallel, 

I'lgure 3.3-5 shows how the rellectoi is as's.'iubled. This a.ssembly operation is discussed m detail in 
Section 3.3. 1 . 1 1.4.1. 


1 igure 3.3-<' sliows liow the focal point ass..nibly is copstructed. Hie .letails of tins assembly 
operation is iliscusvil m Seclioii 3 3. 1. 1.1 4.2. 

l igure 3 3-' shows how the yoke .mtenn.i assembly is constructed. Hie details of these .issi-mbly 
(’peiatuiiis .ire discussed 111 Sections 3 3 1.1 1 5 and 3.3.1 1.1. (' 

Hiese reflector and focal point subassemblies are connected to form a complete nunhile and then 
the module is indexed out of the ci'iistruction facility as shown in l igure 3.3-8. 

Hie yoke and antenna construction p,oceed concurrently wuh the construction of eight modules. 
Hie antenna and yoke asseml'lies ar- then attached to the 8th and loth modules m.i a hinge 
assembh . 

Hie top-le\cl construction timeline is sliown m I igiire 3.3-‘h 

3.3. 1.1. 1.4 Modulo- Detailed Construction T.ask ,\nalysis 

Hie module is composed of the reflector and the focal pv>int .isseinblies Hie reflector construction 
details ,ire gneii in Section 5 '.A 1.1. 4.1 .iiul the foc.il piunt construction vletails .ne given in 
Set t ion 3 3. 1 , 1 .4, 2. 
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Figure 3.3-4. LEO Construction Base 
Thermal Engine Satellite 
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3.3.1. 1. 1.4.1 Reilccior Assembly 

Tlic rctloctor structure is a spherical disk construt-ted from tetrahedral structural units. The basic 
stmctural unit is shown in Figure 3.3-10 along with the structure assembly machine. This machine 
incorporates strut assembly machines and 7 joint fitting installation mechanisms similar to those 
described in detail in the photovoltaic satellite structure construction section. A pyramid and a 
triangle arc assembled in t«o separate areas of the machine. The triangle is assembled directly to 
previO"v'y irstalled structure. After its assembly, the pyramid section is transported and connected 
to the >r. .ngic and to previously installed structure as illustrated in Figure 3.3-1 1. 

Using the timing constraints imposed on the beat i machine described previously, it was found that 
five of these structure assembly machines must operate in parallel in order to finish the retlector 
within 14 da> s. Two operators are assigned to each machine each shift 

Facet Deployment 

The hexagonal ’•cflector facets are attached directly to the reflector structure via spring-tensioned 
rocker amis. Figure 3.3-1 3 .diows the facet deployment machine that could Iv used to perform this 
task. Figure .s.3- 1 3 shows details of this mai hine. Figure 3.3-14 shows the facet deployment 
scqueii. c. 

Five of these fji.ct dcpiov inent machines are required. I wo ojxTators are assigned to each machine 
each shift. 

Integrated Structure .-\vsembly and Facet Deployment Sequeni'e 

file five structure asst.'mblv machines and the five facet deploy meiil machines ojx'iate along the 
curvcil surface ol'the reflector factory as was shown m Figure 3.3-.> ami m a staggered jligniiicnt as 
shown 111 Figure 3.3-1.^. 

In order to construct the cuned dish, it is necessary to move tlie factory up and down tlmnigli a 
range ol 1 40m .iiul to rot.ite it through as shown m Figure 3.3- 1 This fav tory reorientation 
IS .l.■.■ompIlsl^..■.! ji •!»■,> end of eac!*. pav. of ;Fc niachiric.s. 

3.3. 1 . 1 . 1 .4.2 FiK-al Point .\sscmWy 

File focal point asseml'Iy is compost’d of the iVdlowiiig subassetublies 

• Siriuliiie (including legs) 

• ( .ivitv 

• ( oMipoiiiul I’.irahi'lk ( onceiitratm (t'lX'l 

• I iigiiie \ssemb' 

• I ii'.'iiie Kadutor 

• .iei.it»»r K.idi.itor 

• Spme (iiichidcs power biiss<.-s| 
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These subassemblies an.* constructed concurrently in dedicated assembly areas on the focal point 
factory as shown in Figu*-e 3.3-17 


In the follow ing sections, the construction of each of these subassemblies is described separately 
and then an integrated const niction sequence is shown. 

Major Subassemblies Construction Concepts 

Structure-The structure is fabricated and assembled by a collection of beam machines and manipu- 
lators operating froiii the various surfaces of the focal point factory as shown in Figure 3.3-1 8. 

The 20m beam legs and the antenna support structure are assembled h\ beam machines and crane/ 
manipulators that operate from the side rails of the facility as shown in Figure 3.3-19. 

Cavity and CPC-Thc cavity and CK' are constructed on turntables in their respective assembly 
areas. These assemblies are constructed in a twostep, two-statioii sequence using the constniction 
equipment shown in Figure 3.3-20. 

At Station I. the exoskoleton is fabricated by two 5m beam machines and a 20m crane, 
manipulator. One of the beam machines makes the longitudinal beams and tile other beam machine 
makes the laterals. These beams are interconnected b\ the manipulator. The frame is peno-ilicallv 
attached to the turntable which is used to inde.x the assembly through the assembly stations. 

At Station 2. the panels are transported to their assemblv location by a conveyor system that can be 
inserted into and retracted out of the inner le^e-si-s o| the cavity or CPC. The panels are removed 
from the conveyorand attached to the fr.ime by a panel installation machine. On the cavity panel 
installation machine there is incorjvorated anothei manipulator that is used to weld the manifold 
pipes. 


Engine Rib As.sembly-Tlie thermal engine assembly i- composed ol 10m beam to which is attached 
the thermal engine pallets, the piping associated with the radiators, and the collector power busses. 

This integrated assembly can be produced in a 3-bay subas-enibK lactory as shown in Figure 3.3-21. 
file completed assembly will be "extruded” from this factory at a rate that matches the 
"extrusion" rate of the engine radiator factory discussed in the next paragraph. This allows the 
radi.itor inanifolil pipes to be \seliled to Ihe engine nianifokis within the facility. 
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Figure 3.3-19. LEO Construction Base 
Thermal Engine Satellite 
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Figure 3.3 20. Cavity Assembly Equipment 
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Radiators— The thermal engine and the generator radiators can be produced using a 3-station 
assembly line as illustrated in Figure 3.3-22. 

At the first station, the pipe sections are deliver J by a conveyor system to assembly positions 
where pipe welders attach the pipes end-to-end. The completed pipe is indexed ahead a short 
distance. The secoi.d pipe is then similarly assembled. These two pipes are then attached together 
by pipe brackets installed by pipe bracket installation machines. The completed 2-pipe set is then 
indexed to Station 2. 

At Station 2. the meteoroid bumpers are attached to the pipes in a 2-step assembly operation. 
After the bumpers are installed, the pipe set is advanced to Station 3. 


At Station 3, the radiator panels are conveyed to their installation positions. A panel installation 
machine extracts panels from the conveyor and move.> the panel to tlie final assembly position 
where the ends of the panels are welded to the manifoiva pipes. The completed assembly is then 
indexed out of the radiator factory. 


SrS>U23 



185 



D180-22876-S 


SPINE -The spine is eomposeu of a 20 ni beam. Some of these spine beams will ha\e power busses 
attached. This spine assembly can be produced by a machine concept as shown in Figure 3.3-23. 

integrated Focal Point Construction Sequenee-The various subassembly operations just described 
all proceed in parallel m .m integrated sequence as shown in Figures 3.3-24 and 3.3-25. 

3.3. 1 . 1 . 1 .5 Antenna-Detailed Construction Ta*^k Analysis 

The antennas are constructed in the antenna factory' located below the reflector factory The 
antenna construction details arc identical to that described in the photovoltaic satellite antenna 
construction ( Sec. 3.2. 1 . 1 . 1 ) with tl.e exception that for the themial engine satellite, the antenna 

is constructed upMde down. This difference is due to tae thennal engine satellite's unique antenna 
hinge system. 

3.3.1 . 1 . 1 .6 Yoke-Detailed Construction Task Analysis 

The > oke configuration is similar to that used on the photovoltaic satellit.- llie significant differ- 
ence IS that the thennal engine satellite yoke has an "offset" in it with an extra turntable. .\ hinge 
assembly is als<> required. 

Construction oi'tlie y oke assembly for the thermal engme satellite requires a special platform and 
rotating boom as shovwi in Figure 3 3-2o since no overhead construction provisions are .ivailable m 
• he lower area ol the construction base. 

The sequential mating of the aiitenna-to-y oke. hmge-lo-\ okc. and antomi.i \ oke !iinge-lo-'enectoi 
was pieviously shown m Figurs 3.3-'. 

3. 3. 1.1. 1.7 Subassemblies 

Many of the subassemblies Jiscussevl in Section 3.2.1 1.1.' are rcquirei' iis satelh 1 igurc 3.3- 
3.3-2' shows the subassemblies reviuir' l. 

3.3. 1 . 1 . 1 .<S Const ni< 'ion Fqiiipment Summary 

The m.ijor equipment iiscil (o construct the thermal engme satellite .iiul their ch.iractcrisucs is pie- 
vuiteil 111 l.ibic 3 3-1. Sheets ' through (>. 
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FKure 33-23. Spine .\ssembly Machine 


® 


® 


® 



• CAVITY 1/2 COMPLETED 

• CPC 1/2 COMPLETED 

• GEN RADIATOR 1/2 COMPLETED 

• RADIATOR A COMPLETED 

• RADIATOR A ATTACHED TO CAVITY 

NOTE; FRAME ASSEMBLY 
CPERATIO.MSNOT 
SHOVIN FOR CLARITY 


• RADIATOR A ROTATED AS 
CAVITY IS INDEXED 
DURING ASSEMBLY 


• CPC COMPLETED 

• CAVITY COMPLETED 

• RADIATOR 8 COMPLETED AND ATTAOIED 
TO CAVITY 

• GEN RADIATOR COMi'LETEO AND 
ATTACHED TO BE/UMS 


Figure 33-24. Focal Point Construction Sequence 
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pos:t:om a.*;o attached to 

sup;p;sTrii«::uHt 


• RETRACT FACILITY 


(FRAUc HASrEE'i ASSSi^OLEO 
sr.'VLTArvtci’SLY r.nH 
FRECEEDIXG OPERATIONS) 


Figure 3 J-25. FiN.'al Point Conslniclktn Sequence 


SFS 



Figure 3.3-26. Yoke ,\s&..ii)bly 
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PRIMARY FRAME 
ATIACHMENT 

FITTINGS WIRING BUNDLE 



SWITCH GEAR 
DCTK 

CONVERTER 

( 2 TO 12 \ 
PER ) 
SUBASS-Y / 

I RADIATOR 


0 

ANTENNA SWITCH GEAR ASSEMBLY 
• 61 ASS YS antenna 



© 

POWER BUS 
SUPPORT 
STRUCTURE 
ASSEMBLY 

• USED ON YOKE 
AND ANTENNA 


• N ASS*YS/ANTENNA 


THRUSTER PANEL 

THRUSTER 

~ M 38 m ' SliBPANEL (6» 

, ^ 


^ m 


* V. *90 


• » 

— . 4 m 


i. . \ 


I 


YOKE 


FLUID«i ELECTRIC 
LINES 

AO- attached 

^3} TRIPOD 


GIMBAL 

LINE 


THRUSTER MODULE 
• 4 UNITS TSTODULE 



i 

10m MAX 

I 



STRUCTURAL 
JOINT (PLUG} 
ADAPTER 
ASSEMBLY 


• USED ON YOKE AND 
ANTENNA STRUCTURE 

• N ASS YS'ANTENNA 


I IKtiii- 5 J 7 


ITionii.il I uciHc Siil>.ivM’inhli»*N 
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Table 3 J-l. LEO Base Constniction Equipment Sheet I 


1 EOUI?r.*CNT ITEM 

number REQD 

EQUIPMENT ITEM MAXMt 

NO. REQ'D 

refl 

FOCPT 



SUBASSY 

ELEMENTS 

ITEM 

1 • STRLcruRE ASSEM6LV 
t!ACH:\e 
{'•ASS 31^ Kg’* 
■,CCSTS13S?t| A> 

! 

1 

s 

1 


1 

■ 

• CARRIAGE 

• STRUT ASSY MACH 

• JOINT FITTIIVG MACH 

• INDEXING CARRIAGES 

• JOINT FITTING CARROUSELS 

• TONTROL CABIN (2 lUWI 

• STRUT MAGAZINES 

1 

9 

7 

6 

7 

1 

9 

1 

1 • r ACE TDEPLOYRiTENT MACHINE 
j !V-\SS 13*^ Kg'] 

1 'COST SAT!? 

1 

5 





• CARRIAGE 

• facet STORAGE 1UGA2INE 

• FACET FEEDMECH. 

• FACET DE^lOYKENTMECH. 

• RCCKER ARLT DEPLOY MEOL 
_ COVTKCI C'.riN I2MANI 

1 

1 

1 

4 

1 

1 

j • rc*.i mampulator/crane 
1 CPCl 

I CAVITY 1 

evg;:.es3 
I 2 

i ^ S.’. GIARA 

j ST.rJCTURESA 

'•■ASS -*< 

! T.''ST ■ 


7 

2> 

2 


10 

• CARRIAGE 

• ELEVATOR ^X>M 

• TRANSVERSE BOOM 

• A1Ar;iPULATOR ARMS 

• CONTROL CAEtIN (1 MIM) 

1 

1 

1 

2 

1 

• 110*.- •='Ar;ii 5.*laTOR.GRANE 
s:otAP.'.:s2 
■ rACiCRY 1 

i '•.•ASS S'*' ' 

,f"t .,{’•* ■ * 

3 

0 

■ 

10 



(SAME AS ABOVE EXCEPT 
2 MAN CABS! 


j • r-.. . ■ -• • •. -ULATOR.CRANE 


■ 

■ 

2 


(SAME AS ABOVE EXCEPT 
2 MAN CABS) 



\ AlLftM '-.table reflect avg cost per unit after 
-•-rf ; , ; L‘ ARMNG FACTOR OF 0.9. 


SPST-ToS Tabic 3.3-1. LEO Base Constniction Equioment Sheet 2 


EGu r'.’ENT ITEM 

NUMBER REQt) 

EQUIPMENT ITEM MAJOR 



FOCP4 


YOKE 

SUBASSY 

ELEMENTS 


1 

j • 20\t BF AM VACH«NC 

rw S(s*;e 2 

LEGS 2 

(MASS20>'^ Kg! 

(COST S'.>r 

1 


1 

1 

1 

• CARRIAGE 

• YOKE ASSY 

• STRUT .ASSY MACH 

• JOINT FITTING MECH 

• INDEXING CARRIAGES 

• STRUT MAGAZINES 

• JOINT FITTING CARROUSELS 

• COM ROL CAB (2 MAN) 

H 

• iovnE,v.:.v,\CHiNE 

SUPERSTRUCTURES 
ENGINE RIB 1 
CAVITY RING 1 
(MASS 11' Kg) 

! (COST sr.3."} 

1 

!> 

1 

1 


(SAME AS ABOVE) 

( ) 

I* S’.l CIAM ■•.•ACUINE 
CAVITY 2 
CPC 2 

(MASS 7*' Kg) 

(COST S'* ”11 

1 



2 

1 

■ 

(SAME AS ABOVE EXCEPT 
1 MAN CAB) 

( ) 

'• t.M Tu::MAr>LE BEAM MACHINE 
(."/ SS lo'* K<;' 

ICfSt 

■ 

III 

■ 

■ 


(SAME AS ABOVE EXCEPT 
1 MAN CAB) 

( ) 

• xeikactable bridge 

(MASS ) 

(COST ) 

■ 

1 

■ 

■ 


• CARRIAGE 

• STRUCTURE 

1 

1 

• x;-.- RETRACTABLE bridge 

ir.cs) 1 

■ 

1 

1 

■ 


• CARRIAGE 

• STRUCTURE 

1 

1 
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SPS 1469 Table 3.3-1. LTO Base Constmction Equ^Mnent Sheet 3 


EQUIP«KNT ITEM 

mjMBER REtro I 

EQUIPMENT ITEM MAJOR 

NO. REQV 

HUB 

FOCPT 

EDSEI3aI!^S3 

ELEMENTS 

ITEM 

• YOKE ASSY BOOM 



■ 

n 


• HINGE ASSY 

1 

(HASS ) 






• BOOM STRUCTURE 

1 

(COST 1 








BUS DEPLOYMENT MACHINE 


3 

n 

2 


• CARRIAGE 

1 

REOt) ON YOKE MACH ONLY 






• BOOM ^ ^ 

1 

BOa'4 NOT REQ-D ON SPINE 



H 



• A BUS DEPLOY MACH 

1 

MACH OR ENG ASSY LINE 






• B B>iS DEPLOY MACH 

1 

• AR1 iCJLATING BOOM REOV 



H 



• C BUS DEPLOY MACH 

1 

ON WiE OF THE YOKE 

^ MACHINES 

(MASS SK Kg) 



1 



• CONTROL CAB (2 MAN) 

1 

(COSTS21M) 



■ 







2 

■ 

■■■ 


• CARRIAGE 

1 




■ 



• 20M BEA.M MACH 

1 ^ 

r MACH COUNT 






• STRUT ASSY MACH 

1 fcK 




H 



• 20M MANIPULATOR/CRANE 








• BUS DEPLOYMENT MACH 

3 ^ 







• CONTROL CAB (2 HAN) 

1 ^ 









(MASSSKk^ 








(COSTS25MI 





mm 



^CAVITY ASSENeLY AREA EQUIP 

HIH 


■ 

nm 

n^m 

• 5M BEAM MACH 

aai 

^ INCLUDED IN 5M BEAM 

,^B 





• 20M MMIIIP^’CRANE 

IB?v 

ir MACH COUNT 






• PANEL INST MACH 

IBafl 

^ PANEL CONVEYOR AND 

,^B 





• PA.NEL CONVEYOR 

99 

PANEL INSTALLER 






• (X)NTROL CAB (2 MAN) 

OPERATORS USE THIS 



■ 



• TURNTABLE 


CAB 








(MASS IQK Kg) 



■ 





(COST SM»*) 

i^B 



1^1 





SPS1470 


Tsoie 3.3-1 . LEO Base Construction Equipment Slieet 4 


EQUIPMENT ITEM 


T 


NUMBER REQT> 


REEL 


FOC PT ANTI yoke SUBASSY 


EQUIPMENT ITEM MAJOR 
ELEMENTS 


NO. REQD 


ITEM 


CPC ASSEMBLY AREA EQUIP 
(MASS IQK Kg) 

(COST SAO-H 


(SAME AS CAVITY ASSY AREA) 


( > 


I THERMAL ENGINE ASSEMBLY 

line 

^ INCLUDED IN 10M 

BEAM MACH COUNT 

^ INCLUDED IN 20M 
^ MANIP/CRANE COUNT 

^ INCLUDED IN BUS 
DEPLOYER COUNT 

^ ATTACHMENT ON 
MANIP/CRANE 
(MASS 14K K9) 

(COST S45MI 


• ENGINE PALLET CONVEYOR 

• ENGINE PALLET ELEVATOR 

• 10M BEAM MACH 

• 20M MANIPyCRANE 

• BUMPER INSTALLER 

• BUS DEPLOYER 

• PIPE WELDER . ^ 

• BUS WELDER 

• CONTROL CAB (2 MAN) 


ENGINE RADIATOR ASSEMBLY 
LINE 

(MASS 27*^ Kg) 

(COSTS130M) 


• CONTROL CAB (15 MAN) 

• PIPE WELDERS 

• BRACKET INSTALLERS 

• BUMPER DEPLOYER 

• PANEL INST MACH 

• INDEXING GANTRY 

• WELD TESTER 


1 

17 

17 

2 

•* 

1 

3 
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SPS1471 Table 33-1. LEO Base Construction Eq* *Mnent Sheet S 



NUMBER REOD 

EQUIPMENT ITEM MAX>R 

NO. REtTD 


1333 

FOC PT 


L7tTU 


ELEMENTS 

ITEM 

• GENCKATOR RADIATOR 
ASSEMBLY LINE EQUIP 
(MASS I 1 KK 9 } 

(COST s?a*q 


1 



1 

• CONiRCLCABiSMAN) 

• PIPE WELDER 

• BRACKET INSTALLER 

• BUMPER OEPLOYER 

• PANEL IfiST MACH 

• INDEXING GANTRY 

• WELD TESTER 

B 

• SUB^ARRAY TEST MACHINE 





1 



• 10M INDEXING.SUPPORT MACH 


4 






• 4(r.1 INDEXING.SUPPORT MACH 

a 

wm 

6 

z 


• 1.3*^ K«j 

• S3 5M 


• INDEXING "SUPPORT MACH 


B 

■ 

2 


• 5*^ Kg 

• S?(SU 


• BUS BAR ROD BENDER 





1 



• BUSBAR»ELOER 





2 



• RADIATOR PIPE WELDER 





1 



« STRUT ASSY MACHINE 
(4 SIZES? 

■ 


■ 

■ 

11 



• CONTROL CABS (2 MAN) 





4 




s**si472 Table 3.3-1. LEO Base Construction Equipment Sheet 6 


EQUIPMENT ITEM 

NUMBER REQUIRED 

EQUIPMENT ITEM MAJOR 
ELEMEfJTS 

:jo. reqd 


FOCP4 


YOKE 

SUBASSY 

ITEM 

• DEPLOYMENT PLATFORM 

INCLUDED IN 20M 
MANIPULATOR C"ANE COUNT 
fV.\SS Kg! 

OST SSOM! 

1 

1 




• CONTROL CAB (2 MAN) 

• CARRIAGC/FRAhtE ASSY 

• SECONDARY STRUCTURE 
INST. TELESCOPES 

• SECONDARY STRUCTURE 
GANTRY 

• GANTRY 

• 2CV MANIPULATOR 

• OE TELESCOPING MACH 

• SUBARKAY OEPLOYER 

• GANTRY 

• ELEVATOR 

• OEPLOYER 

• MAGAZINE 

• CARRIAGE 

• DEPLOYMENT MECH 

• CONTROL CAB (2 MAN) 

• ,V AMPUL ATOR 

1 

1 

3 

1 

I 

1 

1 

1 

1 

I 


I**: 
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ORIGINAL PAGE fit 
OP POOR QOALrre 


3J.1. 1.2.1 ConfifuntHHi 

The overall coiifigunilion of the base has previously Nvn prescnieJ in rijtire .'.,'-4. No jvlditional 
itelail was developed. Ciew modules are Iwaled near the antenna wmstnietion facility 

3J.I.I.2.2 Foundation 

The foundation or structure of the base generally uses '0 in K*ains fonning either ltX> m or '00 m 
trusses. .V tot il requirement of SOO.OOO m c?f 20 m beam was estimated. 

3.3. 1 . 1 .2.3 Cargo Haitdlii^ Distribution Sy 

llie iHvuliar cv'nilguration of the thcnnal engine satellite facilities has created a need for a signifi- 
cantly moa* complex logistics system than was described for the photovoltaic vilellite. 

Ilie thcnnal engine satellite facilitv logistu-s network for the lower construction aa'asand fival 
poi”! are shown resjvctively m I igures .'..'-2S and .?.3-2‘* \ logistic network also i» leqiiiied on 

(he relleclv'r facfi'iy and up and dtnv ii one of the ix*ijstniclt»>n basi- legs. 

,\ s.iinnurv of the cargo handling and distnbutMii equipment is presented in Table .'..'-2. 

.'..t. 1.1. 2. 4 Crew Mwlules 


Tile tvpc' ol crew iimdiilc' iwd fiu the ihenn.il engine satellite coiistnicluni are the .s,iiiie as for the 
pluqovoit.iie saieihte ileserilvtl in Seetu*n .v2. 1.1 2.4. Hirec .idditional ciew quarters nuxlules 
(total of are lequiicvl however, since (he tlieniul engine s.iiellile requires .UH) .ulditional people 
lot cv'itstruction. 


.T3. 1.1.2. 5 Base Subsv stems 

Th'- electrical pvwv er sv steni .ig.iin relies on solar arrav s for priinarv pow er and nickel hv tlrogen bat- 
terie.s dimng the occultation periods Solar cells h.i\ing 14 ' elficieney ( 10 m* Kw > were used for 
the thcnnal engine satellite cv’iistniction base rather than 1 ’’ as for the photovoltaic siitellite since 
foi .1 (heniial engine satellite program, it was judged that not as much emphasis would be placed on 
iinpri'vmg the perfomiance of solar cells. 

I he (U'wer lo.ul for the I TO (herm.il engine ctuistiiMioii base is o.OOO Kw rather than .'.’(M) Kw as 
for the plu'tinoli.iic satellite ciuistniction base due to the .UIO additional people .nul more construc- 
tion equipment 
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Figure 3.3-28. Lower Constniction .Area Logbtics Network 
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Figure 3.3-29. Focal Point Logistics Network 
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T^ble3J*2. LEO Btse Logjrtks EqnipmedY 




NUM8ER REO-D 


Kpgil 

raiii 

HKBiSnH 

• HLLV CARGO DOCK«mlkmT 


’ - 2 

■2 



- 6 

11 

:•; ^LV CARGO EXTfiACTtW S?S 






3 

e 

> ^LVYANKER DOCKING PORT 




' ^ ' ' 


6 

T1 

• HLLV TANKER CARGO EXTRACTION SYSTEM 



-3 - 

. - 


3 

. 6 

• GTV TANKER DOCKING PORT 


- 

2 i 



1 

7 

« OTV TANKER LOAOiNG SYS 

- 


2 





• WUTTLEOOCXiNGPORT ' 



3 





• SHUTTLE ^ONTK DOCKING PORT ^ 



2 





• PERSONNEL transfer ^BRLOCK SYS 



S--1 



- - - 


• GANTRY CRANES 


2 

2 


- 

3 

' 0 

* TRA'iSHSKTER ELEVATOR : , 


3 

3 



-- 


• TRANSPORTER INVERTER 


--2 

3 





• CARGO SORTING MANIPULATOR' 




- 

- 


- 

* TRANSPORTER r 


-1 






• CARGO TRANSFER MANIPULATOR 


2 

' 

-- ■" “ 

: ^ T. ' 



• ANTENNA ELEVATOR ~ - ■ 



2 


- 



• CARGO TRANSPORTERS 


10 

10 



05 

2 . 

• 24^ANCREWBUS 

- • 

V 

1 



1 . 12 

7 

• IS MAN CREW 6US 


1 

1 



S 

3 

« tURNTAGtES 

20 

41 

as 

13 


_ - 


• CONTROL CAES (2 MAN! 


3 

s - 

— 



- 

• {FOR LOGISTICS EQUIPMENT) 






: 


• HLLV CARGO • 






C- 


'• HLLV/t>TV TANKER 1 ^ 





r _ - 



« shuttle^uttle growth 1 




r 




• GANTRY CRANES 4 ' 

- 




- ■- - 



• CARGO SORTER i 

■ 1 1 

■ : 

— 

■ I — 1 


. 
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A total LEO crew of ?60 has been estimated to construct the thermal engine salellile. A break- 
oowm of lhe4:iew in terms of organization and functions is presented in Figures 3.3-30 through 3.3- 
33 - 30 . 


33. £1.5 Mass Summary 

/ 

A ROM mass of nearly 9 million kg has been estimated for the thermal engine LEO constniction 
Ime. .A breakdown of tnis estimate is prewnled in Table 3.3-3. Tliis value is aeariy 3 million kg 
heavier than the LEO photovoltaic construction base with the main contribution^ to the difference 
being in the mass of the foundation and ckw modules. 

^.1.1.6 Cost Summary 

’ A ROM cost for the first thermal engine construction base is estimated at over SI 1 billion. .Approx- 
imately $7.f* billion is foi the basic hardwan? with the nnnainder for the wrap-around eos«. A 
breakdown of the cost is presented in Table 3.3-4. Tlie total cost is approximaiely S4 billion 
greater than a LEO photovoltaic constniction base. 
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NUMKRS IN ( } INDICATE THE NIRHBER OF 
CREW MEMBERS REQUIRED TO STAFF THE 
INDICATED JOB OVER 2 SHIFTS 

Figure 33-30. LEO Base Ftoonnet 

Thermal Ei^iiie Satellite 



IN ALL THIS AND ALL OTHER ORGANIZATION 
CHARTS, A MANAGER WHO WAS COUNTED IN 
A HIGHER LEVEL ORGANIZATION CHART IS 
NOT INCLUDED IN THE TOTAL SHOWN HERE 


Figure 3.3-31. LEO Base Personnel 

Thermal Engine Satellite 
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Figure 3 J-32. LEG Base Perscmiid 

Thennal Engine SatelKte 
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Figure 3.3-33. LEO Base Pcisonnel 

Thennal Engiiu' Satellite 
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TOTAL-4S 



FigufC 3.3-34. LEO Base Pteisonnd 
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Figure 3.3-35. LEO Base Pensonnel 

Thermal Engine Satellite 
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LEOCBtwctirtlMeROimMK 

10^ Icfl 
(7615) 

F«Itm 

FQUUMTIOII 4000 

CKUMOULES jl>' 2600 

CARGO HANDUNG/0ISTRI8UT10N 515 

BASE SUBSYSTOB 400 

HAINT. PSOflSIQIi 100 

COKSHWCTION AND SUPPpfa EQUIP. ( 945} 

STBUCIURAL ASS WY 500 

ENERGY O?^^CTI0N INSTALL . 75 

ENERGY CONVERSION INSTALL. 65 

POWER DISTRIBUTION INSTAU. 70 

SUBARRAY INSTAU. 30 

CRANES/MANIPULATORS 240 

INDEXERS 30 

TOTAL DRY (8560) 

CONSUNABLES (90 DAYS) ( 400) 

TOTAL (8960) 

[J>-INCLU0ES 33Y GROWTH ALLOWANCE 
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FOUHMTIoil 

400 
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3600 


CARGO HA»M.ING/DISTRIBUTI(M 

470 


BASE SUBSYSTEHS 

200 


NAUfTENAIICE PROVISIONS 

- 


CONSTRUCTION & SUPPORT EQUIPNENT 


(2920) 

STRUCTURAL ASSBBLY 

1420 


ENERGY COLLECTION 

280 


ENERGY CONVERSION 

250 


POUER DISTRIBUTION 

190 


SUBARRAY INSTALLATION 

80 


CRANES/NANIPULATORS 

600 


INDEXERS 

90 

- ^ 

BASIC HAROUARE 


(7590) 

SPARES (15*) [?>► 


1135 

INSTALLATION. ASSEMBLY. C/0 (16*) 


1210 

SE&I (7*) 


530 

PROJ MANAGEMENT (2*) 


150 

SYSTEMS TEST (3X) 


225 

GSE (4*) 


305 

TOTAL 


$11,145 

[T>% OF BASIC HARDWARE 
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3J.I.2 GEO Hail AsseaMy Bax Coiisliiictioa 

The foBowi^ dats pm^iiis to the GEO fiod assetnUy based used in the LEO construction concept. 
2J.I.2.1 GEO CoKtractiM Operations 
3.3.1^!. I Top-Level GEO CMstractidn Tasks 

The construction tasks to be accooif^shcd at the base are summarized in Figure 33-40. Each 

of these tads «e dnciBsed in the foilooii^ sections. 

33.13.13 GEO Base 

The GEO final assembly twe cmisBts of two facilities as diown in R^ue 33-41. 

Upper FacOty 

Thc upper f^rilily attaches itself to the ends of the spiiK-s. This facility incorporates a docking 
crane 2 facility docking fixtures, and a docking port a inlm-facililx free flyer vehicle. 

A typical facihty decking fixtuie is illustrated in Figure 3.3-42. This fixture provivk* the means bv 
which the u|^r facility is attached to the spine. A cnne'inanipuialor attached to these fixtures is 
used to make the sinictuial and d^'trKal connections between modules. 

The upper facility is indc.ved by tuning one o; the faciiitv docki.ig fixtures detach I'roni the spine. 
Thb fixture >$ then retracted so that it will tv cleai of obstructions during the indexing nunein er. 
The facility docking fi.xture that is still attached to a spine is then used to swing the upper facility 
through an arc such that the opposite facilits docking fixture is located above a new spine end. 

Once in position, the retracteu facility docking fixture is extended and attached f<' tliC spine. 

The docking crane and the facility docking fixtures can be relocated anywhere along the length of 
the upper facility \ia facility tracks. 

Lower Facility 

Ihe lower facility attaches itself to the aimers of the rellector. Tliis facility incorporates two dock- 
ing crane-s. two facility docking fixtures, vehicle dtvking ports and a crew module. 

The facility docking fiMiires incorporate crane; manipulators that are used to make the structural 
altachnienis between module rellectors. The fixturs-s proxide indexing capability as described 
above. 
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FigiHe 33-42. CEO Base Dockk^ Fixtme 
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33.1.2.13 Detaied Constinction Tads Anidyss 
23.13.13.1 Module Berthii^ (Docldi^) 

The betthing (docking! cranes on the upper and lower facilities are identical in concept to the dock- 
ing crane described In thenphntovoltaic system (the booms will be loi^r). The docking scheme is 
the same except that only three docking cranes are used to dock the thermal engine satellite 
modules. 

Figure 33-43 shws how these docking cranes would be employed to achkve module docking. This 
figure also drows how the facilities have to be orientedin order ^t the crane/manipuiators that 
will be used to attadi modute in the tight position. 

When docking an incoming mod'iie in a comer, it will be necessary for the lower facility to make an 
extra indexing maneuver in order to get the inner cx>mer of the reflector attached to adjacent 
modules. 

3.3.13.13.2 .Antenna Installation 

As described in preceding sections, the antennas are transported to GEO with modules 8 and 
16. The antenna is connected via its yoke to the underside of the reflector using a hinged linkage 
assembly. Figure 3.3-44 shows thb arrangement and how the antenna is raised into position using 
the linkage once GEO is reached. 

Note that the upper facility has been indexed such that it is attached on one end to the antenna 
support structure. This gets a crane .’manipulator out to the yoke attachment position where struc- 
tural and bus bar connections need to be made after the antenna assembly has been moved into 
position. 

3.3.1.2.13.3 Constmetion Equipment Summary 

A listing of the GEO base construction equipment and their characteristics is presented in 
Table 33-5. 


3.3. 1 .2.2 GEO Base Ifescription 

3.3. 1.2.2 I Configuration 

The configuration of the base has previously Iwen shown in Figure 3.341 . Placement of the crew 
module at the lower facility was somewhat arbitrary since the activity is about equal between the 
upper and lower facilities. Regardless of its location however, a small manned frce-tlying is neces- 
sary to transport c.ewmen to their work stations at the opposite facility. 
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33A. 2.2.2 Foandatioii 

- / 

The foundation consists of 20m beams forming trusses. 

3J.I.2.2.3 Cargo Handla^lNstriimtion 

TTw equipment'uscd tc handk and distribute cargo and transport personnel are presented in 
Tabk 3 J-6. 

3.3.1. 2.2.4 Crew Module _ 

Tim one crew module serves is both crew quarters and operations center. The module itself is »mi- 
lar In design to the module used at the GEO final assembly base for the photovoltaic satellite includ- 
ing a radiation shelter. 

3.3. 1 .2.2.5 Base Sub^'sreras 

JTie s\*stems are the same as described for the photovoltaic CEO final assembly base in Sec- 
tion 3.2.1. 2.2.5. 

33. 1 .23 Environmental Factors 

The environmental factors concerning the thermal engine GEO base are the same as for the photo- 
voltaic GEO base described in Section 3.2. 1.2.3. 

3.3.1. 2.4 Crew Suirutury 

A crew size of 53 has been c'slimated. The organization of this crew is shown in Figure 3.3-45. 

Table 3.3-7 presents a crew functional breakdown for Doth the LEO and GEO bases associated with 
the LEO c'onstruction concept of the ttiennal engine satellite. 

33.1.2.5 Mass Summary 

A ROM-mass of approximately 960 000 Kg has been estimated. A breakdown of this estimated is 
presented in fable 3.3-8. 

3.3. 1.2.6 Cost Summary 

A ROM cost of appioximately SI. 2 billion has been estimated for the GEO base. A breakdown of 
this estimate is presented in Table 3.3-9. 
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SK147S TaMe3J^. GEO Base Logistics Eqa^mietit -Themial Ei^bie Satdlite 


EQUiPMEtrriTEM 

NUMBER REQT> 

MASS(EA) 

103Ka 

COSTtEAl 
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TOTAL -53 


Figure 3.3-45. GEO Base Personnel 

Thermal Engine Satellite 
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Table 3.3-7. LEO Constniction Manpower 
Thermal Engine Satdiite 



LEO BASE 

GEO BASE 

BASE MANAGEMENT 

(10) 

(7) 

CONSTF.UCTION 

(592) 

(12) 

MANAGEMENT 

22 


MODULE CONST 

240 

12 

ANTENNA CONST 

87 


SU2/J*.SEr.1BLY 

<6 


MAl.NTENAtJCE 

85 


LOGISTICS 

56 


TEST/OC 

56 


BASE OPERATIONS 

(39) 

(10) 

•.■a;jagement 

7 


TRANSPORTATION 

18 


CG.‘.1.M 

8 

6 

DATA PROCESSING 

6 

2 

BASE SUPPORT 

(117) 

124) 

MANAGEMENT 

8 

4 

BASE UTILITIES 

22 

6 

HOTEL 

62 

8 

MEDICAL 

21 

2 

FLIGHT CONT 

4 

4 

BASE TOTAL 

758 

53 


TOTAL 811 


Table 3.3-8 GEO Final .Assembly Base ROM Mass 
Thermal Engine Satellite 


FACILITY 

FOUNDATION 
CREW MODULES 

CARGO HANDLING/DISTRIBUTION 
BASE SUBSYSTEMS 
MAINTENANCE PROVISIONS 


lO^G 

(805) 

390 

335 

60 

20 


CONSTRUCTION AND SUPPORT EQUIPMENT 
CRANES/MANIPULATORS 
DOCKING CRANES 
INDEXERS 


(130) 

35 

60 

35 


DRY TOTAL 


(935) 


CONSUMABLES (90 DAYS) 


(28) 


TOTAL 


(963) 
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Table 3.3-9 GEO Final .Assembly Ba.«^ ROM Cost 
Thermal Engine Uc 


fACILITY 

S 106 

i60C) 

FOUNDATION 

40 


CREW MODULE 

400 


CARGO HANDLING DIST 

ler. 


BASE SUBSYSTEM 

1 


CONSTRUCTION AND SUPPORT EQUIPMENT 


1250) 

DOCKING CRANES 

160 


I'tDEXERS 

20 


CRANES- MANIPULATORS 

70 



BASIC HARDWARE 

'S8501 

SPARES 


125 

INST. ASSY. C 0 


135 

SE&I 


60 

PROJ MGT 


i5 

SYS VEST 


25 

GSE 


35 


TOTAL 

»S1245, 
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3 J.2 Construction Concept Oietvirw 

1 or the th.'niul .‘iig'nc sstcllilc. the ciMisiniction concept entails et>nstruetine In nuxlulesand 

2 ar.tenius of the eonticiu-Tion dcsetihed in Section 5. '.4 I . TIte etnistmction faeiliik*>. o|XTa- 
tuMul vxiuences. task hreakdouiiN. j<>nstnietion nuchincr> . etc will Iv identical to that described 
under tiK* themial engine satellite LH^ construction section. \ LEO staging de|x»t would alst' he 
reojuire*! with characteristics similar to the staging de|xit described in Section ,v2 2.1 - 

Hr* onU detectable dit’t'erence will Iv a small change in crew si/.e due to the elimination ol the 
redundant basv nianagen<ent. base support and base operations p ss^anel as>»^R-iated with what was 
the c;i O base tor the LLO construction concept. However, this delt.j will almost toiall.. be ollsel 
by the need for a similar redundancy required to stalY a LLO staging dc|Hvt . 

Mass and civsl estiinales were not prepaa’d •;vcifically for this parlicu'ar option. ,\ preliminary esti- 
i;;aie can be made o\ Msing data from the o;ticr construction bases descrilvd in tins diRTument. 

I sing tills appr*»ach. the ihennal engine viiclliie ril O constniction base is est'inated to have a mass 
of 10 miliKm Kg and a unit ci»st of xl 2 billion. 
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3.4 KEY CONSTRLiCnON TCCHNOOXJY DEVELOPMENT REQUIREMENTS 

This sivtion pro^rnts hnei' descriptions of key const iK'tkMi operations, techniques, and support 
s> stems that «il> n*quire development and demonstration early in the SPS precursor programs in 
order to veril*. that it will indeed be possible to construct SPS's as described. These are items for 
which no kiK>«u study program has been initiated or for which previous space flight data is not 
available or pertinent. 

3.4.1 Beam .AssemMy 

neiiKsnstratc the capabilitv to make 1 5 m to 30 m beams from an automated beam machine at 5 to 
<0 meter per minute rales 

3.4.2 Frame .Assembly 

Demonstrate the capability of crane manipulators and accessivry equipment to move long Ib50 m I 
beams into position and to attach these beams mto a rigid framework. 

3.43 Solar .Array Deplosmenl 

Demonstrate the capabilitv to tk'pioy accordion folded solar arra> blankets, attach blankets to 
stmclure and attach bbnkcts ed|s.*-lo-ed£e using dcp!o\ nieni equipment of the I\pe described in 
this dcvumenl. 

3.4.4 Power Bus Depicvment 

IVmonslrale the capability to deplo\ 5 to 30 ni wide by I millimeter thick slieet n*'*tal busses Irom 
roil siivk. 

3.4.5 Module Support Imlexing 

Demonstrate the capability to sup|x>rt large stnicturcs using several indexing support machires 
o|vrating siimillaneoudv from a facility surl'ace. 

3.4.6 Allilude Control During Const ruction 

Demonstrate the capabiliiv to control the ..itilude of laige facility product comninalion as the 
prcvdiicl is grown. 
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3.4.7 Laige Module Docfcins 

Demonstnite the capabilit> tu dock kii^ stniLturcs using the technique describeu in this docinnent. 
3.4JI Ljfge Mjchine .Assemble 

Oenwnstnte the cspability to assemble in-orbit lar^* construction machines that ate delivered as 
lar«s.* subassemblies. 

3.4.9 .Antenna Subanay instaOation Mahiteiance 

I>eveiop cafxahiiitv to install, repair and replace complicated subamvs and components. 

3.4.10 Environnient^ Control 

IX*mc»nsti 2 te environnicrtlal conlrcri and life support systems suitable foj long durations and large 
cnrtt sizes as specified in this document. 

3.4.1 1 EV A Suit 

Develop a iiighiv mobile I4.~ psia HV.A suit compatible uilh the atmosphere of the primani creu 
nioduics and would conscquentlv eliminate Icwig pre-brcalhing and post-breathine :vriivd>. 

3.4.12 External Luting 

KsiablisSi external iigiiimg levels requited lV>r the c<mtinuousconstruction operations involving large 
areas and monitoied or controlled bv . .n and or sensrirs. 

3.4. 1 Space Debris Tracking System 

Develop capahilitv to aecuratelv predict the size and frajeclorics of spa^e debris that mav pv>sc a 
problem for the constniction aiul ojvration of an !>PS. 
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4.0 TRANSPORTATION SYSTEM ANALYSIS 

A m^r portion of Part 1 of the SPS System Definitioi. Study was devoted to the definition of SPS 
transportation systems. This data is documented in Volume IV (D180-2068*>-4) and Volume V 
(D180-20689-SI. These documents identify requirements, system trades and system descriptions. 

The transportation effort of Part 2 was limited to making refinements to the Part I data to reHect 
changes in satellite design, improve the sy stem definition and update the cost estimate. .A system 
description of the launch vehicles and orbit transfer vehicles is presented in the following 
paragraphs. 

4.1 TRANSPORT.ATK»«i REQUIREMENTS 

Detail SPS transportation system requirements were p’-csenied in Volume IV of the Pan 1 docu- 
mentation. .A summary of the transportation requirements associated with the payioads of 
the reference photovoltaic satellite constructed in either LEO or GEO is slrown in F^ure 4.1-1. 
There is no OTV propellant mass included. 

The difference in satellite mass only reflects the structural mass penalty of the additional vertical 
and lateral members and loads caused by transfer of the antenna. Oversirine and power distribution 
penalties are all a function of orbit transfer characteristics and consequently are chargeable to the 
orbit transfer system itself. 

Differences in crew and supply requirements delivor-.-d to LEO primarily reflect additional orbit 
keeping attitude control propellant requirement. The key difference, however, is in the mass 
w hich must be delivered to GEO. 

Facility transpi^rtation requirements reflect the initial placement task as well as in the case of the 
GEO bases (both options ». that mass that must be moved to the longitude location where the next 
satellite is to be constructed. The principal difference in the two main conslmction bases 's that the 
six crew modules in the GEO concept each have approximately 1 1 5 000 kg of additional mass for 
solar flares shelters. 

Total cargo mass which must Ik handled by the launch vehicle are shown in Figure 4.1-2 and reflect 
both the payload requirements indicated earlier and the OTV pro|K‘llanl and hardware require- 
ments. For the three system elements that require transportation, payload requirements are not too 
different between LEO and CiEO constniciion options, however, the inclusion of the orbit transfer 
sy>tcm requirements add significantly to the total mass which must Ik delivered by the lll.LV. The 
LEO constmction location assumes electric propulsion for the satellite LEO to GEC) Iransporfation 
while LO-. LI!-* is used for the GEO (.onstniclion option. 
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4.2 LAUNCH SYSTEMS 

4.2.1 System Descriptions 

Detail system descriptions for the launch systems arc presented in Volume V <0180-20689-51 of the 
Part I Report, The following paragraphs present a summary description. 

4.2. 1 . 1 Cargo Delivery System 

Both two stage ballistic f ballistic and two stage winged vehicles have been investigated. In both 
cases, the reference payload capability was 400 000 kg. Other common characteristics included the 
launch site at KSC and a delivery orbit of 477.5 KM and 51 degrees. 

4.2. 1 . 1 . 1 Two-Stage Ballistic Vehicle 
Configuration 

The baseline engine is a scaled up version of the .Alternate Mixle I engine defined by .Aerojet Liquid 
Rocket Company under contract to NASA Lewis Research Center. The following engine character- 
istics were used in the analysis. 

The baseline engine is a scaled up version of the .-Mteniate Mode I engine defined by .Aerojet Lujuid 
Rocket Company under contract to N.AS.A Lewis Research Center tsee attached appendix!. The 
following engine characteristics were used in the analysis. 

Propellants RP-1 LO^ LHs 

Thrust Vacuum 9.059 \ lO^'N X 10^' Ihfi 

Chamber Pressure 29.>00 kpa (4250psiai 

Mixture Ratio 2.9.1 

Specific Impulse rSL Vac.) .'2.'. 5 .'50.7 sec. 

Total Row Rate. T nginc 2b.'5 kg sec <580H Ibm sec! 

Engine overall length is 5.44m and the power head and exit diameters are 3.51m and 2.97m. respec- 
tively. Tlie total mass of the engines including accessories is estimated to be 138322 kg. 

Flight Characteristics 

The ascent trajectory characteristics for the vehicle are shown in I'igure 4.2-2. The major character- 
istics are summari/cd as follows: 
l irst Stage 

T.W Ignition = 1 .30 
Maximum l)>namic Pressure = 32.1 25 kpa 
Maximum .Acceleration = 4.90 g’s 
Stage Bunt Time = 1 76.89 >cc. 

Dynamic Pressure at Staging = 405 pa 
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Second Stage 

T/W (<* Ignition = 0.76 
Maximum Acceleration = 2.28 g's 
Stage Bum Time = 394.84 sec. 

At main engine cutoff (MECO) the tnijectoo' characteristics are as follows; 
Altitude = 1 10948 m 
Rebtive Velocity = 7540 m,?sec 
Burnout Mass = 749583 kg 


Cost 

A DDT&E cost of slightly more than S7.1B and a 1st unit cost of S895.8M aiv estimated lor both 
the vehicle. The DDT&E estimate includes the eijuivalent of 2.5 ground test and 2.0 fliglit test 
units. The cost per flight for LEO constnicti'sn is estimated at S8.3 million based on 18'75 flights 
over a 14 year period. .4 breakdown of this cost is presented in Table 4.2-1 . 

4.2.1. 1.2 Two-Stage Kinged Vehicle 

Conflguration 

The reference concept for the winged recoverable vehicle is shown in l igure 4.2-3. Main propulsion 
is provided by si.xteen I I6t RP-1 IO 2 LII 2 ga.s generator cycle engines similar to those on the two- 
stage ballistic vehicle. Tlie following engine cnaracteristics were used in the analysis; 

Piopellanis RP-1 LO^ HI 2 

Thnist-V;Kiium 8.275 \ 10*’N 

( hantber Pa’ssure 2‘>300 kpa 

Mixture Ratio 2.9; 1 

Specific Impulse (S.L. Vaci 323.5 350.' 

The total mass of the sixteen eiis.;nc' and the associated accessories and gimbals is I 2S090 kg. 

Flight Characteristics 

The ascent trajectory characteristics for the vehicle are shown in l igure 4.2-4. 1 he major char- 
acteristics are summari/ed as follows; 

First Stage 

TW'.'' Ignition = 1.30 
Maximum Dynamic Pa’ssure = 34.44(i kpa 
Maximum .Acceleration = 3.49 »'s 
Stage Bum I ime = 147.0|, >cc. 

Dynamic Piessure at Stagings 1819 p;\ 

Second Stage 

TW Ignition = 0.95 
Maximum Aceleralior. = 3.o7 g's 
Stage Bum I’line = 351 '8 sec. 
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Table 4J2-1 . 2-St^ Ballistic Vehicle Average Operating Ct>st/F1ight— LEO Assembly 
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Figure 4.2-3. 2-Stage Winged SPS Launch Vehicle 
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Figure 4.2-4. 2-Stage Winged Vehick Ascent Performance Characteristics 
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Cost 

A DDT&E cost of S9.1 B is estimated for the vehicle with the booster contpbuting S5.2B and the 
upper stage the remainder. TFU for the vehicle is sliglitly over SI billion with the cost about 
equally split between the booster and upper stage. The cost per flight for the two stage winged 
vehicle for GEO construction was estimated at S7.9 million. A breakdown of these costs are pre- 
sented in Table 4.2-2. .A cost per flight was not derived for LEO construction although a reasonable 
estimate would be SS.5 to S8.8 million. 

4.2.1 .2 Personnel Carrier Vehicle 


The personnel carrier vehicle provides for the transportation of the crews between earth and low 
earth orbit. The vehicle is a derivative of the curr.nu Space Shuttle system which incorporates a 
liquid propellant booster in place of the Solid Rocket Boosters tSRB's). A series-bum ascent mode 
was selected and as a result a reduced External Tank (ET> propellant load is required. 


t'oiifigiiratioii 

riie personnel launch vehicle, shown in Figure 4,2-5. incorporates a propane fueled booster. Exter- 
nal Tank and Space Shuttle Orbiier. 0%erall vehicle geometre . nd characteristics are shown on ilie 
flgure. The overall length of o0.92 in due to the tuudein arrangement rather than the side- 
mounted concept m the current Shutt e system. 


The booster stage is powered h\ fourT LOs engines which, provide 8.523 \ I0^’\ ofvacuum 
thrust. The following engine characteristics were used in the analysis; 


Propellants 
Tlirust \’aciium 
Chamber Pressure 
Mixture R.itio 

Specific Impulse (S.L. \ ac.i 
I'otal Flow Rale Fng'nc 


( -;llg LOs 
8.523 X 10‘’N 
20o85 kpa 
2 . 08:1 

304.1 340.0 see- 
25 5o.' k SI sec 


1 he pressuri/a..on gases are hca'ed Ciil^, and GOs for the main tanks. Individual propellant delivery 
lines are provided to each ciginc. T!k total mass of the ascent propulsion svstem is 47 I 38 kg. 


Fliglit Chnractcrislies 

file p'-rsonnei earner vein Ic perform nice was calculated based on the following ground rules; 

• Keniie iv Space t «nicr ( KSO w as the launch site (latitude = 28.5^’) 

• AV Reserves = .85 \', 

• Deliverv Orbit 

.Mlitiidc = d’" km circular 
Inclination = 3 F’ 
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The accent traiecton duraclenstics aie sumnuiued as fofloK's: 

TW M ipniiion = 1.'4 
Maximum Oxnamic Pa*ssuK = Z9.13S kpa 
Maximum Acceleration = 3.0 g*s 
Bum Tmie = 54 1 .‘I seconds 

The personnel carrier pjykud perfonnance K summarized in Table 4.2-3. A net payload of 73550 . 
kg b d^ered to the 4T7 ortHt. The oihiter events indudii^ the sidiorbiiM jettisoii <K‘lbe ET 
and the resulting vehicle moss by event are also iKHed. The Shuttle ortiter CN4S sy'^etn performs 
the tiujomy of ihe oibiter manetners. 

Cost 

DOT£h cost for the persHind vdrick are cstintated at $2.5oB «nh the bocsta* raakii^ S2.5B. 
The TI T' of the irusaMe booster is esanuted at S220 million »hile ihe ET conlriboies S4.9 million. 
Coa per flight based o s flights per year and a total of 14 years was estimated at SI 2.6 million. 

A tmrakdo«n of the cost per fli^t b prescnied in TaWc 4. 2-4. 

4.2.2 Raykiad l^ack^mg 

.A sienilicani ! jcI- t in the launch aspect of ptmer saicHites Ls ihe component packaging density and 
its impact on the number of IaunclK*s requited and or ihe ty pe of pay load shremd that is used. 

T ypical charactenslics for the reference phoioviqiaic saielliie coinponenis aa* shomi in F^ie 4.2-6. 
The cimipmienl presenting the greatest concern is that of the antenna suT'amys niiich have a 
median packaging dcnstly of only 2S kg m ' Shnibr pad aging charactenslics were defined for the 
thermal engine saielliie. TlK-^ignilicanceof thisdensity can be fully appreciated by realizing that 
the payltUh! shroud had previously K.-ea %i/ed fora payload density of ~s 

The Miipaci of the coruvnient packaging density is itlusirated m Tipire 4.2-“ The photoioliaic 
satellite results in an average liensjiy of os jn-' .\ nia.>s hinued launch conditkm requires a pack- 
aging density of approvinialely kg m' when apply mg a 0. ' ■. «4uine uiili.'alion factor to the ! 5 

ir. dia X 2.' in height p..;. loat! sluiuid liial has a wet volume densUy of kg nr', 

1 he thcrr.ial engine sals ‘’le has .s density of aprfv»Min.iiely no kilograms jvr cubic meter primanK 
due !»v the !**u ileiisijv t*f the u aors. reilccting facets and antenna siibarrays. Should Ihe ar.ienna 
Siibarravs be divid..ti ini.« j waveguide qnutme seeiiiUi and klvsjron tuK- s^ctior. the density 
would go up to kilograms per .iibic meter. I hi> aponv.ivh however, leqnires assembly ol the sub- 
arrays in orbit which o not deemed ilesirat-le at this time, t onsv-queni!y . the liicnnal engine con- 
cept presents a difrieiili eas.- f,»r achieving nus> iunileil iauneli ctindiiions. The miniber of flights 
for tl;e plu>ti»v,i|iaie vdeliiie rellect mas> hmiletl laitneh conditions 1 he iheriiial engine system is 
slunvn lor both an evjvr'.dai'le >!iroud large enough lo reaeh a mass limited eoiulilion and a reiis:.- 
ble shroud optior I .nin. h eo>t bn these i>piions are compared in Ihe third >e! «>f bars, l or the 
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thenn^ ct^iiie s\'stcm. the expend^ie shiouti shows approxanately a 300 million foliar savhifs per 
sateOite as compared with a KusaMe shroud due to the low unit cost (2 mSlion dollars) for the 
expendable diroud when laipe quantities ate procured. It duNsId be menticiKd however, that the 
thermal engine sateBite will also utiKee reusable shroials for the delivety of crew and supplies and 
dehvety of construction requirements. 

One possfoie mix of the vakius components for delivery to LEO is illustrated in Fmre 4.2-8. 
The number of fl^ts indicated is that associated with the mix of components and is not meant to 
be rndkatiee of the actual launch sequence, it should also be noted, the number of flights is asso- 
ciated with a photosxdtak satdhie with a mass of 1 10 million kg rather than 100 million kg for the 
final Part II satellite. As indicated, the dominating component was the antenna subanays. which 
was inchidod in 246 out of 247 total flights rof identifiable hardware). Eortiinatel}-. the high 
density soi^ arrays can be used to offset the lower denaty subarrays during most of their launches. 
In summary, utdike the Part 1 analysb where only about 25 to .^0^- of the paylo:^! slitoud was used 
(antenna undefined), a more com|4ete understanding of the antenna and desire to deliver subarrays 
fuliy assembled has resulted in using the full kngih of the pay load ^roud in order to achieve a mass 
limited iatinch condition. 



• 202 FLTS 



• 21 FLTS 


• 2 FLTS 



• ISFtTS 



• 6 FLTS 



• IFLT 


• DELIVERY FLIGHTS : 247 • TOTAL FLIGHTS : 305 

(IDENTIFIABLE HOWE) lINCLUOING GROWTH ALLOW) 


F^ure 4.2-8. Component Mix Per Defivety Flight 
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4^3 Exlaast Pro duc t An^-sis 

The cxhaiut products of the launch \’ehkk$ can be an environmental concern due to the release of 
cbemkal pollutants into the atmosp^iere. The results of the effort repmted in this section super- 
cedes die data reported in the Part I find report (Section 8 0 of D 180-20689-5 i The pn^Kised 
tainch vehicle concepts are two st^ devices, in whkh the first or booster stage bums a hydio- 
caibon fuel and oxygen and the second st^ uses hydrogen and oxygen as the pn^iellant combina- 
tkm. Two types of launch vehicles have been identified, either the two-stage ballistic lecovciable w 
the two-stage winged lecovenble concepts. In addition, the following two vuiatkms of the booster 
en^ne have been proposed: 

1. .4 29 300 kPa (4250 psil chamber pressure gas generator cycle engine using RP-I/LO 
proreUants with a 2.9: | ofxidizer to luci mixture ratio. 

2. A 54 475 kPa (5(X)0 psil dumber pressure gas generator cyde enpne using LCH 4 /LO 2 propd- 
lants with a 3.0: i oxidizer to fuel mixture ratio. 

Either booster engine concept is applicable for the SPS application. However, for purposes of this 
report, the ballistic reco\eiable booster was sized for the RP-I LO-» 'LH-. type engine and the 
winged booster uses the LCH^ LOt propellant combination. 

Therefore, the exhaust products of both booster engine types could be assessed on a per flight basis. 
The second stages of K>th vehicle concepts are powered b\ Spate Shuttle Main Engines tSSME'sl 
which use a LH-> LO 2 propellant combination at a 6: 1 oxidizer to fuel mixture ratio. 

The launch vehide exhaust products are distributed through the various regions of the atmosphere. 
Using the delinition of the various la\ eis of the atmosphere shown in Figure 4.2-9 and the propel- 
lant flow rates as 3 function of altitude time, the propdiani usage in each layer can be cstablisited. 
Table 4.2-5 identifies the predicted amount of propellant consumeil in each layer of the atmosphere. 


Table 4.2-5 

Propdbnt Consumption Per Flight in the Various Layers of the .-\tmosphere 


Region 

1 Ballblic Recoverable 

Winged Recoverable 

Tropiisphcre 

.V0I2\10‘’ kg 

RP-I 1.0 LHs 

.VI9t,xio‘’kg 

LCH 4 LOs 

Stratosphere 

.vl72vio‘’kg 

RP-I LOs LIU 

.^..sUjvxlO*’ kg 

LCH 4 , LO] 

Mesosphere 

1.2".sxl0‘’kg 

RP 1 LO> LIU 

o:~:xio‘’kg 

LCH 4 LOs 


0.055\l0*’kg 

LIU LOs 

0.289x1 0‘‘ kg 

LHs LOs 

lonospheie 

1 

1.425\IO‘’kg 

LIU LO] 

:.oo<>xio‘’ kg 

LIU LOs 


^ llic booster bumoul condition occurs in the mesosphere for both launch vehicle concepts. 
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F^ie 4.2-9 Locations of the T roposphere. Stratosphere, Mesosphere, and ionosphere 

Atmw^heieic Layers 
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Tho exiiaust piDiiucts at the noule exit for both t^pes of booster engines ate listed in Table 4.2-6 
including the magnitude of each combustion product. These values ‘‘do not*' include the effects 
of atmospheric reactions and lecombinations due ro ‘afteibuming" phenomenx Future studies 
on the effects of exhaust products should include these phemnnena. The SSME exhaust products 
are water and free hydrc^e-.i 13.5*^' The booster engine exhaust products are mainly CO-». 

H iO. CO. and H -• which account for 99.93'r of the total. 

The dbtribution of the exhaust products, in the atmosfdteie on a per flight basis b shown in Table 
4.2-7. for both vdiicle concepts. It b recognized that due to the afierbuming effect the exhaust 
products will react with air to form oxides of nitrogen and possibly very small amounts of organic 
nitixMen compounds. For example, the amount of tNO)^ produced by the F-l enpnes on the 
Saturn V has been estimated to be 0.4^7 of the exhaust gas mass in the troposphere and about 
0.002^ in the stratosphere. The lower production of iNO)^ in the stratosphere b partly due to the 
lower den.sity and partly due to the lower temperature of the mote expanded plume. 

The booster engines proposed for use on the SPS Launch Vehicle wilk be of more advanced design 
than the F-l. I-Ten if no environmental constraints are pbced on the engine, perfonnance «.i>ii.Md- 
erations will tend to reduce the pollutant levels. Two of the changes which will be signillcant arc 
higher chaniber pressure and a different operating cveie. 

SiiKe the combustion lempcratua* is essentially iiidep..ndent of the chamber pressure and since the 
higher chamber pressure results in a higher opliinuin expansion ratio, the plume boundan' tempera- 
ture will be lower, cspcvblly at altitude. Fora 40; i expansion ratio the exit static temperature is 
about 2000‘^K. Tlic production of (NOl^ will, therefore*, be reduced. The level for the can- 
didate booster engines sirould be near or below the values for the Space Shuttle Main b'n^ne which 
have been estimated at 0.0 Kr in the troposphere and 0.001'. in the stralitsphere. 
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Tabic 4.2-6 Rocket Engine Exhou.st ProductH-Percent of Propellant Flow Mom 



Species of Exhaust Products at the Nozzle Exit-Percent of Propellant Flow 


H 2 O 

CHO 

CH 4 

H 

CO 

OH 

CHjO 

CO 2 

»2 

Booster Engine 
RP.I/LO 2 /LH 2 

34, 5.^8 

3.127x10-5 

2.881x10’^’ 

l.M‘)xlO-^ 

24.590 

4.089x1 0-^ 

1 . 668 x 10 *^’ 

39.618 

1.193 

LCH 4 /LO 2 

3‘).8H1 

3,f)23xlO'<'’ 

2 . 22 ‘)xlO-<’ 

3.222x1 0-^' 

18.053 

1.803x10*^’ 

1.537x10-^ 

40.197 

1.802 
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Table 4.2-7 Di.siribution of txhnusi Froduct.s in Iht* Various Regions of the Atmosphere 


- ■_ 1 

Magnitude of Exhaust Spccies/Flight ~ lO'^kg 
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4.3 ORBIT TRANSFER SYSTEMS 

4.3.1 Satellite Delivery System 

Analysis of the two construction location options have resulted in the detail analysis of two satellite 
delivery systems. The LEO construction concept for the reference photovoltaic satellite is illus- 
trated in Figure 4.3-1 . Ei^t modules and two antennas are constructed in LEO. All modules are 
transported to GEO using self power electric propulsion. Two of the modules will transport an 
antenna while the remaining six modules are transported alone. 

The GEO construction concept is illustrated in Figure 4.3-2. This concept involves a staging depot 
in LEO which has the capability to transfer payloads from the launch vehicles to orbit transfer vehi- 
cles (OTV) and maintain the OTV fleet. T tansfer of all pa\ loads from LEO to GEO is accomplished 
using LO-»/LH-» OTV’s. Construction of the entire satellite including antennas is done in GEO. 

Subsequent sections will discuss each of these delivery systems in te.ms of their characteristics 
which have been updated during Part II. Numerous trades and characteristics have not been 
updated during Part II but may be found in Part I Vrflume V. 

4.3.1 . 1 Photovoltaic Satellite Self Power System 

The reference photovoltaic satellite uses annealable silicon cells with a concentration ratio of one. 
The self power elements required to transfer each module are discussed in the following sections. 

4.3. 1.1.1 Configuration 

The configuration arrangement and char...»eristics of the system elements used in the transfer of 
each satellite module is shown in Figure 4.3-3. The general c*'aracteristics indicate a 5'fr oveisizing 
of the satellite to compensate for the radiation degradation occurriiv’ during passage through the 
Van .Mien belt and the inability to anneal out all of the damage after reaching GEO. It should also 
be emphr^sized at this point, only the arrays needed to provide the required power for transfer are 
deployed. The remainder of arrays are stowed within radiation proof containers. Cost optimum 
trip times and l^p values are respectively 1 80 days and 7.000 seconds. 

Thruster modules are located at four comers of the movUile to provide the most effective thmst vec- 
tor and satisfy control requueinenfs. Further discussion cf the thruster module is provided later in 
this section. A two axis gimhal system correctly positions the panel. Installation of the thruster 
module approximately 500 meters from the satellite in conjunction with gimbal limits prevents high 
velocity ions from impinging on the satellite and causing erosion. Propellant tanks for the thrusters 
have been located at the ccntc" -d’ the satellite module anu at the lower surface to provide a more 
desirable inertia characteristic ( tite dominating factor in the amount of gravity gradient torque). 
Radiators dissipate the waste heat from the power processing units. 
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GEO 


LEO 



ARRAY 

Figure 4.3-1 . LEO Construction Concept 
Photovoltaic Satellite 



Figure 4.3-2. GEO Construction Concept 
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GENERAL CHARACTERISTICS 
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Flifdit control of the module when flyinf a PEP attitude during tnnster results in huge gravity gra- 
dient torques at several positions in each revolution. Rather than provide the entire control capabil- 
ily nith electric thrusters which are quite e.\pensive. the electric sv'steni is sued only tor the opti- 
mum transfer time with the additional required thrust provided by LOt/LHv thrusters. The 
pcilbrmaiice penalty Tor thb approach b actually quite small since by the time 2.S00 kilometer 
altitude b reached the gravity gradient torque b no kN:«er a dominating force. 

The mass characterbtics o'* rhe electric propulsion svstem elements ate directly proporliotul to the 
mass of the payload King transtened for the case of fixed trip time and 1^. Consequently, the 
modules transporting the antennas requite cc isiderabiy more OTS hardware and propellant. The 
total mass of the satellite in thb case b approximately lUO million kg which includes the following 
penalties for self power transfer. !n the area of solar array, an ovetsi/ing of 5 percent has been 
included to compensate for the inability to completely anneal out all the damage to the ceib caused 
by radiation (X'curring during transfer and for the mbmalch in voltagu* output between the damaged 
and undamaged celb. The structural impact includes both that of modulai»y and oversizing. 
Modubrity includes additional vertical niemKrts used around the perimeter of the satellite moduk 
and lateral Krams at the end of the modules well as the penalties for the transfer of the 1 5 million 
kg antenna I includes growth I supported underneath the module, fit siKMild K* noted that all mod- 
ule stnictiire has Kvn sized to that dictated by th. moduks used to transfer :he antenna. I TK* 
power dbtribiition penalty b related to the additional length of bus caused by the oversizing of the 
array. The total mass pcnaitv fora LEO constructed satellite b approxinutelv 4.2 million kg for 
the seketed self|trwer transportation system. It shouM K* noted however that the arrav oveisizins 
and power distribution ivnalty depend on the particular performance characteristics selected for 
t!k? self p»*wer system. 

\ typical timister module configuration consbts of a \->ke and a thruster panel as show n in Figure 
4_?-4. T!(is particular configuratior is representative of the equipment imoKed and th* ir relatbe 
phy sical interfaces, however, the number of suhpanel are dilT. reni frt»in the selected eonfjguration 
previously sliown in Figure 4.3-.>. For the selected conllguration. modules w ithout antenna h.ave 
four subpanels, while modules with antenna have ! 2 subpauels pi*r comer. Included within the 
yoke are giuibai> both .’t the tripsHl interface and at the timister pane! interface .\cross the tripod 
gimbal are found two 25 cm dia. line's for PPU coolant, one eiglu centimeter diameter line for pro- 
pellant and a I in X 0.4 cm electric power conducl«ir. (limbal capability of r"0 Jegav.s is provided 
at each gimbal to provide the necessary thrust vector direction. The thruster panel is divided into 
six s;;i'panels for compatibility with tlie payload shroud dinicnsum constraint. Fach subpanel con- 
sists of a basic stnictural framework wiiii thrusters mounted on one surface and PPUs. fluid lines 
and electrical lines on the opiHisu surface. Keiiiforcc ‘ edges or the subpanels provide the required 
stiffness to attach siihpaiieis ^ each other to form the total thr’.ster panel Facii subpanel has 
( I40» 120 cm diamete'- thnisurs arranged in a pattern of 10 r»>ws with !4 tlmislers per row. \ 0.15 
meter spacing between thnistcrs has been pi*n ided for installation. Two PPl “s consisting of DC 
IX vonverter and ass.'viatcd switch gear provides p»*wcr pr*vcssing. Fach PPl- sxsU-m prtvesses 
power for "0 umislers. Radiators foi dissipating PPL waste heal are lovaled on the suppsirl tri|HHi. 
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4 .J.I. 1.2 S«lmittcfBs 

Sc^cn major swein demefits are used in theeLrctric profulsion s%^em as diomu in Fipuir4ji-5- 
These are llie fummiHMi of pomer b> the satellile. tbe distrihutioa of the powvr lo the electric 
thmster ss'stem. conditionHij’ the pomer by ponvr ptocesrinfi equipment, ihnislets and ptopeilant 
stoiape. Power proonsinj! is estimated at '*5'^^ to **(•'< efliciertcy . thenrfore necesstatin; a ihennal 
control $>stem. FinaBs . m ortler to pet the leqinred pomiinp of the thnisten. a pimhal n'flem is 
requiicd. Fach of these >\slcni> h» been chaiacteri/ed m lenns r*f mass and cost characteristics mid 
incocponted into a cost optimuation model. Further discussion on each of these dements fdlows. 

Thrussets 

The lefifience 1 20 cm ion th.usts’r is illustiated in Fijuie 4..*-o with Jesioi and selected operatii^ 
dcracten^ks ircailtme from liansfVMtation ssptinu/aiion shown in TaNc 4 .'4 . Paianurtric per- 
formance prodwfions for this Ihnisler are shown in Fipire 4„«-~. The paiainetric data aie based on 
CNtiapolalions fitmi current cm mercury ion thruster tcchiK*k^ . inciudinp the recent 4A ibeam 
current I demonsiralKm tests whK~h showed that the dcmble current tknsity wm feasilsie. but that 
thruster life would K- reduced roudily 50 Ihrs should K* scunpaiihle with SPS transfer requrr«r- 
ments an«l is the basis of the sek-ctHMi of a beam current of SO amperes, 
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The basic power processing concept is to pnnide each propulsion subamy with its own power 
processing center. It utilizes a motor generator system to provide the DC/DC conversion and is 
scfaenuticaBy iUustrated in Figure 43-S. Thb approach ass>jmes that multiple thrusters can be 
operated from common power supplies and that aieit^ can be controlled by quick acting switches. 

Since the current km thruster technology requires electrical independence among clusters of 
thrusters to prevent destabilizing dectrodynamic interactiorts antor^ thrusters t principally during 
grid arcing), quick acting interrupter switches (8) have been placed in the screen and accelerator grid 
dronts of ^ch of the thrusters in a subarray. Discharge current controllers for each thruster may 
also be required. These can be **9tia0~ motor generators dedicated to each thruster. .An isolation 
switch will be required to efTectiveS' remove a failed thruster from the svistem. 

Thermal Control 

TIk DC DC converter used in power processing requires an active thermal control s\stcm in order 
to contnd its operating temperature to a maximum of 200*V. .A heat exchanger transfers heal from 
the gas circulating in the DC.-DC converter to the Thetminai (>0 coolant loop. .A general layout of 
the thermal control loop including radiator is shown in Figuie 4..V-4. Waste heat from all six sub- 
panels are collected into one 24 cm diameter lirue that passes out to the radiator which is mounted 
on the support tripod. The radiator rejects 330 KW of waste heat and n-Hiuires a prodded area of 
IIIOm~. Pou'cr required for puropine the coolant is estimal xi ai 100 KW. Switchgear and inter- 
rupter equipment arc radiative cooled because of lowvr waste heat levels. 

Electric Power and Distribution 

Pnmary electric power for the propulsion s\siem is obtained Ironi the satellite. The principal soil- 
age requirement during the orbit transfer is that associated with the thrusters. The cost optimum 
Isp of “000- "^500 seconds requires a I .»00-l 500 soil input to the thrusters. Tlie GEO operational 
voltage of the satellite however is 40.000 voils. High voll.ig.' genemtion results in low l~R losses 
but hidi plasma losses at altitudes below 1000 km. Taking these factors into consideration the voll- 
ag; resulting in the least oversi/ing and power distribution mass penallv is Krlween 3500 and 4000 
volts. A one time sw itchgear sv stem is included in the power distribution sv stem to enable the 
arrays utilized during tiu aansfer to switch to providing thi. operational voltage of 40.000 v oils. 

Prnpeibnl Storage and Delivery Systems 

.Argon propellant for the electric thrusters is stored in S m diameter tanks. Six tanks are required 
fur modules without an antenna and lb ranks for modules that transfer antennas. TanLs are mani- 
folded and individual supplv lines <■0 10 each llmister module. The maximum How rate is 0.2 
K g sec and O.b Kg sec for the cases of transferring a module without and with an antenna. Propel- 
lant delivery from the tanks to each module is accomplished b> healing the liquid argon and using 
the boil-off pressure to drive the gaseous argon. .An example of a tv pical pro|vllanl delivcrv system 
at the thruslei panel is illustrated in I'igurc 4.3-10 iNole; This is for a b subpanel module rather 
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than 4 or 1 2 subnanei moJutc used for the pieterred system, however, the overall concept is the 
same in all cases. I. 1 he propellant deUvers line at the thrust module splits into two primary mani* 
folds which in turn divides into 10 feed lines for each subpanel. Each feed line supplies propellant 
for 14 thrusters and is sized to provide a negligible pressure drop and a uniform pressi'te to each 
thruster. The indiv idual thruster flow rate is fixed by using a critical flow venturi at the inkt of 
each feed line. With this arrangement, the flow rate is only a function of the manifold (plenum) 
pressure. 1 he only line connections made in orbit will be attachment of the subpanel feed line with 
the main manifold and the attachment of propellant tank lines to the thruster module delivery lines. 
The thrust le\d produced from a module can be varied by turning on and off rows of 14 thrusters. 
tC^dnidual thruster control is nccdibary except for a one-way shutoff vabe in the case of thruster 
failure. There b no individual thruster throttling cairability. .As the number of thrusters operating 
varies, the (low rate into the module primary manifold is regulated to maintain the correct pressure 
and corresponding thruster tlow rate. The boil-off rate i>. the aigon tanks is set accordingly by 
changing the rate of heat input 

.Auxiliary Propulsion 

.An auxiliary propulsion system is required for the following functions during the transfer: 1 1 atti- 
tude coiitrtsi during the orbit transfer occultation periods. 2 1 to provide object collision avoidance 
thnist during occullations. 3 1 daring the periods of high gravity gnidient torque. 4 1 during the ter- 
minal ducking uianeuvers at GEO and 5 1 most likely during the initial maneuvers to move away 
from the consiniction base. A LO-* LH-» system is used pro\iJing an Isp of 400 sec. The thrust 
level is olablished by the requirement to surplenicnt the clcclnc thrusters during periods of high 
gnivitv gradient, l or the case of a moilulc transferring without an antenna a thrust level of 1 2000 
N is rctiuircd while a module w ith an antenna requires 500 N of supplemental thrust. 

.Avionics 

.Avionics funcirons include onboard autonuinous guidance and navigation, data nianagement and 
S-band telemetry and comniand cvinnuinicalions. Navigation cnipfovs Earth horizon, star and Sun 
sensors with an advanced high j'erfomiancc inertial picasiircmcnl system. C’ross-st rapped LSI com- 
puters provide reipiired computational capjcilily including data inanageinent. conirol and conllgu- 
ration conirol. I'hc comniand and telemetry system employs rcmot-e-addrcssab\e dale bussing and 
its own multiplexing. An additional factor t!;at may need consideration is the need lor radiation 
shielding due 'o the passage lhr<nig!! the Van .Allen belts. .Allhotigli the shielding density nny be 
quite high, the volume to be sliieldcd is small and consequently the mass penally should not be too 
severe. 

4.3. 1.1.3 Perfonnance Optimization 


I’erloniiaiice optimi/atum for >e!f power electric propulsion systems is focused on the parameters of 
specific impulse and trip lime. .Additional considerations used m sciccl'ng optimum trip time and 
lqi aie r.idiation ct feels and interest rale icost of money I. 
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The results of optimizing l^p as a function of radiation d^radation with fixed trip time and interest 
rate is shown in Figure 4J-I I. Current cell and annealing characteristics indicates a 59^ degradation. 
Although the curves for the low degradation levels are quite flat, the minimum cost per Kw is in the 
7000 to 7500 sec region. 

Optimization of the trip time for the optimum 4p and several interst rates is shown in Figure 4.3- 1 2 . 
As indicated from this data, the assumed interest rate has a significa^it impact on the transporta- 
tion cost as well as the optimum trip time. The interest rate jud^d to be most compatible with 
current utility philosophy is 7!^. The optimum trip time for this case then b approximately 220 
days, however for analysb purposes the selected trip time b 180 days. 

4J.1.I.4 Mass Properties 

Mass characteibtics associated with the optimum >clf-power orbit transfer system b presented in 
Table 4.3-2. The values ate related to the transfer of each satellite module. 

Table 4.3-2 Reference Photovoltaic Self-Power Mass Summars' 

MASSdO^ Kg| 

ITEM WITHOUT ANTENNA WITH ANTENNA 


Orbit Transfer System 

(0.76) 

(2.08) 

Power Processing Units 

0J9 

1.07 

Electric Thrusters 

0.32 

0.32 

Chemical Thrusters 

NIL 

NIL 

Propellant Stora^?Distribution 

0.08 

0.23 

Thermal 

0.14 

0.59 

Structural Installation 

0.03 

0.07 

Usable Propellants 

(3.06) 

(8.26) 

Argon 

2.06 

5.46 

LOs/LHs 

1.00 

2.80 

Satellite Modifications 

(0.66) 

(1.79) 

Ovetsizing 

0.24 

0.65 

Power Distribution 

0.30 

0 

Structure (for Modularity) 

0.12 

0.33 


Inertia charaetenstics for a module transferring without an antenna arc presented in Figure 4.3-13. 
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4.3. 1.1 S Mission Profile and Flight Operations 
Mission Profile and Flight Sequence 

Mission profile characteristics in terms of the relationships between orbit plane, altitude and elapsed 
time for a typical any time departure transfer are shown in Figure 4.3-14. A significant point that 
can be seen from this data is that a great deal of time is spent traveling through *he Van Allen belts 
which have their main contributions below 10.000 km. 

Since the self-power concept does involve low acceleration levels, the altitude increase per revolu- 
tion is quite small particularly at the lower altitudes where a stronger graiity field is present. Each 
of these revolutions includes an occultation or shadow' period when the satellite will be passing on 
the backside of the Earth and out of sunlight. The number of occultations that can be expected as 
a function of transfer time is presented in Figure 4.3-15. The band indicates the range in number of 
occultations depending on whether the transfer is initiated at the best or worst time of the year rela- 
tive to the orbit and sun position. Therefore, for typical transfer times of 180 days, as many as 
1000 occultations can be expected. 

.Also shown in Figure 4.3-1 5 is the fraction of time a vehicle in orbit is occulted as a function of the 
time from departure; the decrease with time is the result of the orbit getting larger and the shadow- 
zone staying constant. 

The tlight sequence for the transfer of eight satellite modules is shown in Figure 4.3-16. .Allowing 
40 da\s for the consti iction and 1 SO days for transfer of each module results in a maximum of fi\e 
satellite i" odiiles being in transit at one time after the fifth module has departed. 

Flight Control 

fhe llight control task associated with the self-power transfer of a satellite module from LFO to 
CiFO insoKes directing the thrust sector in a manner to change the plane of the orbit and raise the 
altitude while maintaining the .atitude of the satellite so that electric power can be generated for 
the tlmistcrs The tlight attitude selected for the reference case consists of directing the solar arrays 
toward tl'.e sun during the enfire transfer, flic principal disturbance to the attitude is that of grav- 
ity gradient torque. As indicated in Figure 4.3-1 ~. gravity gradient torques result because the sat- 
ellite module is always tlown PFP during the transfer as shown in tlte left hand portion of the figure 
.md also because the tlight licgins from an incline orbit as illu'tiatcd on the right h.iiiil sketch. .An 
.idditional consideration in ttie tliglil control anahsiN is tlic changing line of iioilcs w hich results 
11-0111 having tlie c.ip.ibility to begin the (.leparUire at any time vluriiig :he year. 

Detciinin.iiioi: of inertia characteristics, gnoity gradient torque aiul thrust requirements has been 
done Using a o |)()l siiiuii.itioii ,\ ty inc.il result of this simulation is presented in Figure 4.3-1 S for 
the case o; tiic lirst revolution of a s.ncllilc module transtciring withiuit an antenna. 
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Figure 4.3-1 4. Low-Thrust Orbit Transfer Characteristics 
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pRure 4.3-1 7 . Self Po^er Higbi Ccnirol Prrblcm 
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.XsindkatcJ by this data, the maximum thiusi requiml at mch comer of die modide is oxer 4000 
S. The available thiust uhich b established by the of^imum trip time b sl^tly under 20U0 N per 
emuer thereby neeessiiatin$ supphrmental thrust capabiiiiy. The sensithity of altitude to the con- 
trol thrust requirement b presented in Rpiie 4 J-l*). Tlibdatai licates that the available electric 
thrust b sufticient to control the gravity padient torque rmce 2500 Km b reached iNOTE: GEO b 
35~'86 km I. The line of node sensitivity to control thrust requirement b also presented in Finite 
4J-|4 A$ain. ihb paraiiK*ter deab with the time of vear the dcpartuie b initiated. 

In all of these llidit conir\d cases, a suppleiik'ntal amount of thrust must K: added to that provided 
by me ekctric ihrusiers. The approach used to provide the supplemental thrust and total impulse 
b that of a LO; LH^ system. The nuiptitude of the thrust and propellanl quantitv has previouslv 
been idcntilicd rn Fieurc 4.to. 

4.JI.I.I.6 Cost 

The total OllTF cost for the self-p*vwcr sV'.Jcm is esiinuied ai SI .3'* NllKm. Tne fli^l system peu- 
tion of tins cost is eslimaled at S23> million. A br *akdo«n of the DDTI cost b presented in Table 


Table 4.2-3 Self4*omer ODTF Cost 
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1 lecinc llmis!;.rs 

10 

themical 1 Imislers 

10 
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oO 
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The Rcuftii^ cast for the sdf-fNMner system to trMsfer one complete satelMte is estimated at SSTO 
oiillioo. This estimate is based on a mattne indnstiv costini; approadi and delivery of four sateflites 
per year. .A hreabtown of the fecunii^ cost for the complete sateflite as weD as for modules bei^ 
tiaasported nith and without an antenna is piesented in Table 4.2-4. 

TaUr4_M Sctf#o«crR>.<unii«Ciist 
tenst in n u M o ns t 


ST^STEM 

TOT.AL 

SATELLITE 

MODULE 
W/O ANTENNA 

MODULE 
WITH ANTENNA 

FGght System 

t?90l 

(691 

(188) 

Power Ptocessiiig: System 

335 

31 

84 

Electric Thrusters 

65 

6 

16 

Chemical Thrusters 

NU 

-- 

-- 

PropcBmt Stonge & DistiBiutian 

130 

II 

31 

Thermal Control 

SO 


18 

Structure & Mechanisms 

105 

9 

25 

.Avionics 

20 

*9 

5 

Power Distribution 

35 


9 

Prr^ram Management 

(401 

l3l 

(9| 

Sustaining Engineering 

|40> 

(31 

(9» 

TOTAL 

870 

75 

206 


4J.1.I.7 S up po r tM^ System Level Trades 

Supportinesystem level trades conducted during Part II involved the comparison of several locations 
for consipicling the antennas for the LEO construction option and the cost effectiveness of recov- 
ery and reuse of the electric propulsion system wiK-n using self^wcr for LEO to OEO transfer. 
Each of these trades will be discussed in additiorul detail in the subsc^^ent par^japhs. 
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ABteaaa Coastraction.Tnnspoitatioii Tndr 

The eariy part of Put II involved the preliminary investi^tion of five different antenna construc- 
tion/transportation methods when considering LEO construction of the satellite. These options are 
Qlustrated in F^ure 4 J-20. The first three concepts invx>|ve construction of the entire anteima 
(including yokel at LEO but vary in the location or method of attaching the antenna to the satel- 
lite module. Option 4 also has the antenna made in LEO but is ttansfened in sections, with each of 
the ei^t modules taking up one-fourth of an anteima. Option 5 has the yoke constructed at LEO 
(size requires a facilitv height similar to that required for the satellite construction) but has the 
anteima delivered in the form of components, which are assembled in GEO. Assessment of these 
options invoK'ed a number of criteria and resulted in selecting Options 2 and S as the most piomis- 
ii^ and lequirii^ lurther depth in the analyw in order to make a selection. 

Option I was eliminated from funtier consideraiion since it had the worst characteristics in terms of 
gravity gradient torque (CX«Tl. restricted the thrust ve<:tor due to exhaust impin&*ment on the 
antcniu and had a large structural impact on a satellite due to eccentric loading during transfer and 
required two different propulsion sv^tem designs since the satellite modules without antennas 
would invrdve ccmsiderably less mass. Option 3 imo|\ed a structural impact on the satellite and 
required movement of the anteniu to its operating position. The most significant disadsantaee of 
Option 4 is that it required facilities at both LEO and GEO. The GEO facility «as required to hook 
up the primary structure of the anteniu sections plus install secemdary structure and subarrays in 
between tl^ already present secondary structure and subarrays that had been previously installed 
at LEO. 

Further aiulysis of Options 2 and 5 involved a closer examiiution of the methods employ ed to con- 
struct and position the anteniu as well as factors resulting in a difference in cost. 

Constniction Operarions-Construction and installation of the antennas in LEO for Option 2 is 
illustrated in Figure 4.3-21. This concept has the antenna constructed in a facility that is attached 
to the module .-onstruction facility. Following completion of either the thud and seveiith modules, 
the antenna y eke is constructed in the module facility and parked at the side. Midway through tlur 
exmst ruction of th-: fouilh aid eighth module's, the antenna has been completed, attached to the 
yoke and this combination attcchcil to the module in its operating position. After the module is 
completed and prior to release, t.ie antenna is rotatc*d down under the module for the transfer to 
GEO (this loc-ation gets the antenna out of the exhaust of the thrusters and also rc'sults in better 
inertia characteristics for attitude control I. Once (>EO is reached, the antenna is rotated back to its 
operating position through use of a single hinge line. 
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<D <2 9 A 9 

• LEOCONST •LEOOONST M.EOCONST •VOKE-LEO •VOKE-LEO 

• mPLACE •HINGED MMSCONNECTEO aANT - LEWCEO •AMT. -CEO 



• GGT CONTROL 

WORST 

BEST 

BEST 

GOOD 

GOOD 

• TMtlfST 
VECTOR 

PARTIALLY 

RESTRICTED 

— 

— 



• SAT.sntUCT IMPACT 

WORST 

MODERATE 

MODERATE 

LEAST 

LEAST 

• ANT. STRUCT DESIGN 

NONE 

SUPP STRUCT 

NONE 

MODERATE 

NONE 

MPACT 

• PROPUL-SYS. 

TWO 

TWO 

TWO 

ONE 

ONE 

DESIGNS 

• GSO OPERATIONS 

NONE 

HINGE 
B HOOK-UP 

OOCXBi 

HOOK-UP 

FINAL ASSY 
BHLL-IN 

FULL ASSY 

• LOGISTICS 

BEST 

GOOD 

GOOD 

FAIR 

WORST 

ICilEUUSUPPLiESI 



• CONST YOKE 

• CONST ANTENNA 

• ATTACH YOKE. AMTErWJA 

• ATTACH ANTENNA SY&7.100JLE 

Figure 4.3-2 1 . Antenna Construction and InstaDation 
LEO Construction 
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The antenna constmction/instailation concept for the option of constiuctinp the antenna at GEO is 
shown in Figuie 4 J-22. In this option, each of the eight satellite modules brings to GEO one- 
fourth of the components required for an antenna. These components must then be transferred to 
the antenna construction facility as indicated in picture 2. The actual installation of the antenna 
into the yoke b the same as in the ptesiously described option. Construction of the second antenna 
b done in a manner similar to the flist and when complete, the anteima facility b flown to the 
opposite end of the satellite so the anteima can be installed. 

Compared from thb standpoint. LEO construction of the antenna b judged to be the most desirable 
since the antenna facilits' does not haw to be moved nor are antenna components requited to be 
transferred the length of the satellite. 

Cort— The prindpal cost differences between the two options are compared in Table 43-5. Thb 
data indicates a cost sasings of $1 20 million per satellite when using LEO constnurtion for the 
antenna. Satellite and tr»;$portation costs are greater for tiK LEO constructed option snee th<* 
structure of a module must be sized to sufqx>rt a 1 5 million kg antenna. Consequently, the cost 
refWcLs both the cost of the extra structure plus its transportation. The antenna facility and its 
transportation b cheaper for the LEO construction approach primarily because only one crew mod- 
ule has a radiation shelter as opposed to three. In addition, the antenna facility do.-s not have to be 
transported to GEO althourdi thb cost contribution is amortized over 10 years, the most signifi- 
cant difference, however, b the crew rotation resupply associated with havir.g 200 fewer people at 
GEO. 


In summary . LEO construction of the antenna b recommended because of the SI 20 million per sat- 
ellite saxing and less complex operations associated with installation of the antenna. 

Ekclikr OTS Reusability 

Motivation for considering the reus;ibility of the electric propulsion system has been the $620 
million unit c«>st assiviated with the system at the midterm of Part 2 Inote the final Part 2 value 
was $870 million I. .-\ breakdown of the sy stem comixments and reusability rationale is shown in 
Figure 4..1-2J. Those components considea'd as prime candidates for a'usability include the 
thruster modules and propellant tanks due to their high cost and or higit cost per kilogram, as well 
as being convenient in terms of disassembly reassembly and return back to low Earth orbit. 

Life considerations of approximately 8,000 hours for the thruster units prevent more than two uses 
unless refurbishment is provided which amounts to approximately 50'' of the unit ct>st. 


259 






NEWSATELUTE 

LOCATION 

HgBic43-22. GED Antenna Cbustnictioafhistalitioii—Sdf Power Orbit Transfer 

ars-tm Table43-S. Antenna Construction Location Compatisoa-LEO vs GB) 


ASSESSMENT 

CRITERIA 

RECURRING COST 
CHANGE (LEO VS GEOI 

EXPLANATION 

• SATELLITE AND 
TRANSPORTATION 

• S40M 

• A0.4MKG 

• ANTENNA FACILITY 
AND TRANSPORTATION 

-S2SM 

'CHEAPER CREW MODULES 
•LESS DEMANDING TRANSP. 

•LOGISTICS 

(CREW ROTATION/RESUPPLY) 

-S13SM 

•200 FEWER PEOPLE AT GEO 

•ORBIT TRANSFER SYSTEM 

0 

•EACH SYSTEM SIZED 

TO ITS SPECIFIC PAYLOAD 


• SMALL DOTE PENALTY 
FOR TWO THRUSTER MODULE 
SIZES 


SAVINGS S120M 
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• MOTIVATION: $620 MILLKM/SATEU.ITE 
(773 MILLION/MOOULEI 



REUSE AND RATIONALE 


• THRUSTER MODULE 

THRUSTERS 

•n* 

YO(E/6tMBAL 

• sum »RT TRIPOD 

STEUCT 

RAD>.\TDR 

• PROPTANKS 

• POWER DBTRIB 


• CHEMSYS 


YES HIGH COST 

NO AWKWARD 

YES HIGHS/KG 

NO INTEGRAL 

WITH 

SATELLITE 
NO LOW COST 


!ure 43-23. Electric OTS Reuseability 

Reco^-m- Concept for Electric OTS-The concept for recoveiy of the electiic OTS is presented in 
Figure -4.3-24. The system analys'd ;-ir the return of the electric components to LEO is a single- 
stage LO^ LH^ OT\'. Return of 210.000 kilograms of payload requires a propellant loading of 
approximately 400.000 kilograms. (Note: The iinal Part 2 chemical OTV’ for crew rotation 
resupply is a common two stage .system with total propellant loading of -160.000 kt.1 Delivery^ of 
the LO 2 LH^ stage to GEO invohes mounting the stages below the satellite module. The resulting 
impact on the electric propulsion system of transporting an additional 1.6 million kilograms of 
LO 2 LH 2 stages is relatively minor due to its high performance characteristics 

Reusability of the electric compv'iients used on the first moiiule is not possible before transfer of 
the seventh module due to delivery times of 1 80 to 200 days. 

Cost .•\ssessment— Cost for recovery of the electric components compared to their value Is nearly 
the same as indicated in Table 4.3-(>. ( onsequently. recovery is not suggested for the Part 2 mid- 
tenn cost chaiacteristics. although it is recommended that consideration be given for using these 
thrusters for operational attitude control and station-keeping assix'iated with the satellite, which 
would also effectively reduce the cost of the self-power system and also to invcstigati. recovery 
using an independent solar electric tug. Note: Tlic final Part 2 OTS cost (hardware) was estimated 
al S~‘)0 million rather than S(O0 million for the Part 2 midtenn for which this trade was conducted. 
Using (he final Part 2 cost however results in a savin.irs of SI 40 million per satellite which means fur- 
ther consideration of recovery should occur in Part 3. 
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RECOVERY SYSTEM DELIVERY SYSTEM 



Figure 4 J-24. Electric OTS Recovery Concept 
Table 4 J-6. Cost Assessment Electric OTS Reuseability 


• COST PER SATELLITE MODULE 


A COSi FOR RECOVERY (SM| 

VALUE OF RECOVERY 


• ELEC OTS (A UNIT) 

9 

• THRUSTER MODULES 

43 



(UNIT) 


• ELEC OTS TO LEO 

11 





• LAUNCH SAVINGS 

16 

• CHEM lA UNIT) 

10 

(ASSOC. WITH THRUSTERS) 




• TANKS 

S 

• CHEM TO LEO 

33 





TOTAL 

$64M 

TOTAL 

S63M 




CONCLUSION: NOT ECONOMICALLY ATTRACTIVE 

RECOMMENDATION: CONSIDER 

1> ELECTRIC TUG RETURN 
2) ELEC OTS FOR SATELLITE 
OPERATIONAL ACS & STATION 
KEEPING 
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4 J.l .2 Thennal Engine Satellite Self-Po .ver System 

Self-power of the thermal engine satellite modules are for the most part similar to the photovoltaic 
modules from a performance standpoint and basic hardware although there are some distinguishing 
differences in terms of satellite design impact as identified in Figure 4.3-2S. One example of this is 
that no oversidng of the thennal engine modules is required since the reflector facets and engines 
are not sensitive to radiation as are the solar arrays. A second difference is that the voltage gener- 
ated by the satellite can be the same us the operating satellite voltage (since no plasma losses occur 
as in the case of solar arrays) and thus a minimum power distribution penalty occurs. From a pro- 
pulsion standpoint, three thruster modules ate used rather than four and although all facets are 
deployed in LEO. only a portion of these are requited for the transfer. Gravity gradient torque 
associated with this configuration are considerably lower due to the inertia characteristics of the 
module and consequencly the chemical thrust required and the amount of LO 2 /LH 2 propellant are 
considerably less than in the case of the photovoltaic satellite module. 

Right operations such as trip time are the same as for the photovoltaic satellite. A difference in the 
operations, however, is that the thermal engine satellite consists of 16 modules as compared with 
eight modules for the photovoltaic satellite. .As a result. 10 modules are in transit at any one time 
after the tenth module of the first satellite has begun its trip as shown in Figure 4.3-26. 

Since the mass of the thennal engine satellite is essentially the same as the photovoltaic voltaic, the 
total electric OTS system DDTH and satellite cost is the same: approximately SI .4 billion for 
DDT&F and S870 million recurring per satellite. 
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GENERAL CHARACTERISTIC S 

• NO OVERSIZING 

• TRIP TIME = 180 DAYS 

• ISP ° 7000 SEC 


hlOOULE 

NO 

WITH 

CHARACTERISTICS 

ANTENNA 

ANTENNA 

• MODULES 

14 

2 

• MODULE MASS 

4.1 

19.1 

• POWER REQXI no® Kw) 

0.14 

06S 

• FACETS REQX)% ^ 

27 

74 

• OTSDRYdO^Kg) 

0.5 

2.35 

• ARGON (10^ Kg) 

1.0 

4.5 

• L02.'LH2 (10® Kg) 

02 

094 

• ELEC THRUST (103 N) 

2 .^ 

9.8 

• CHEM THRUST (lO^N) 

2 .^ 

- 9.8 


^ INCLUDES 14% TO COVER CAVITY 
APERATURE OSSES 


Figure 4.3-25. Self Power Configuration— Thennal Engine Satellite 



10 MODULES IN TRANSIT AT ANY GIVEN TIME 

Figure 4.3-26. Flight Sequence for Thennal Engine Self Power Transfer 
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4.3.1 .3 Chemical Orbit Transfer Vehicle 

"Hie chemical orbit transfer vehicle (OTV) is used in the satellite GEO coti.>.ruction concept, 'n this 
concept, satellite components are delivered to a LEO staging depot and then transferrer *o cnetnical 
OTV’s for delivery to GEO where the construction occurs. 

Various types of chemical OTV s have been investigated in .he FSTS study and P.->.rt I of the SPS 
system definition study. The results of these studies have indicated a LO 2 /LH 2 common stage (tv’o 
stage) system to be the most desirable. This system will be summarized in tne following sections 
and b applicable to either the photovoltaic or thermal engine satellites. 

4.3.1. 3.1 Configuration 

The space-based common stage OTV is a two-st.ige system with both stages having idc>.tical propel- 
lant capacity as shown in Figure 4.3 -27. Tne first stage provides approximately 2/3 of the delta V 
requirement for boost out of low Earth orbit at which point it is jettisioned for return to the low 
Earth orbit staging depot. 

The second stage completes the boost from low Earth orbit as well as the remainc ■■ of the other 
delta V requirements to place the payload at GEO and provides the .quired delta V to return 
the stage to the LEO staging depot. Subsystems for.- .ch stage are identical in design approach. 

The primary difference is the use of four engines in the first stage due to thrust-to-weight require- 
ments. ,\lso. the second stage requires .Iditional auxiliary propulsion due to us maneuvering 
requirements including docUing of the pa\ load to the construction base at GEO. The vebicie has 
been sized to deliver a payload of 400 000 kilograms. .As a result, the stage startburn mass without 
payload is approxima' ly 8*^0 000 kilograms with the vehicle having an overall length of 56 meters. 

4.3. 1.3. 2 Subsystems 
Structure and M .'chanisir.s 

Main propellant containers are welded aluminum with integral stiffening as required to carry llight 
loads, intertank, forward ind aft skirls, and tlmist structures employ graphite'epoxy composites. 
An .Apollo, So\ 11/ type docking system is provided at the front end of each stage for docking with 
payloads, refueling tankers and orbital '■'ases. The stage-lo-stage docking system provides tor dock- 
ing the stages together with tiight loads carried through full-diameter struclurcs. Propellant transfer 
connections allow either stage to be fueled independently with the stages rither separated or docked 
together .Structure of the two >tages is identical to the extent praeticable. 
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p-MAIN ENGINE (2) 

\ 470 KN (105 K LBp) 



• PAYLOAD CAPABILITY - 400.000 KO 

• OTV STARTBURN MASS - 890,000 KQ 

• STAGE CHARACTERISTICS (EACH 

• PROPELLANT - 4llB.000 KG 

• INERTS - 29,000 KO 

(INCLUDING NONIMPULSE PROPELLANT) 

• 280 OTV r-IQHTS PER SATELLITE 


r Igurc 4,3*27, Space Baaed Common Stage OTV 
GEO Conalrucllon 
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Main Prapulsioii 

M^in engines 2 k based on shuttle engine tcchnologs . operating «ith 3 ^taced-eonlbustion e\cle at 
20 Mn,m~ i3000 psial chamber pressute. a LO^. LHn mivtunr ratio ol'5.5 to 1 .0 and a retractable 
noule with extension expansion area ratio of 400 prosiding a specific impulse of 470 seconds. 
-\dvanced low ' PSH pumps are used to minimize teed pressures. .\ 6 degree square gimbal pattern 
is employed. The engines are capable of operating in a lank4iead idk* tTHI) mode ipumps not turn- 
ing; mixed-phase pTX'pcHanlst foi . ••i-aown and self-uibging at a specific impulse of 550 seconds: 
bO seconds I time I in self-ullagi..g n ^Hie is assumed needed prior to Kxststrapping to lldl thrust. 
Throttling K*lween tank-head idle and full thrust is not required. Main propclbnt pressurization is 
derised from engine lap oiT after an onbtvanl helium piepressurizalion. 

.\uxHiary Propulsioa 

.Auxilbry propulsion & used for allilude con'ro! and low della V maneuvers during coast periods 
and for terminal docking manemers. An independent LO-. LHi system is used and piwides an Isp 
of 575 seconds averaged over pulsing and -teatU state operating n'lsies. Thrusters are msHinted in 
quad packa^ analogous to the Apolk> Service Module installation, bach quad has its owti propel- 
lant supply 10 facilitate change s>ut. .AoMliary propulsion fo.' the two siages uses comnum lech- 
m4isg\ but capacities and Ihnist levels are tailored. 

Electric Power 

Primary •.■iectric power is provided by luei celK ba^eJ on shuttle technology . lailoied to the OT\' 
requirement. Reactants are stored in vacuum-iackeled pressure vessels. Prsxlucl water is assumed 
retained onKvard to minimize payload coataniination poleniial. SiA ad batiencs are enipkned for 
peaking *nd sijuxvihing. 2-'' MX' piwvcr :s rough-regulated and filtered with tine reguialivin priv 
vklcd by power us;ng suixy stems .x neeJevl. A potential inert mass saving mot assuniedi wvvuid u.W' 
kiw pressure reactants provided from main propellant tanks, tleclnc |X»wer systems lor the two 
stages are idcniic„l exccrt for reaetaiii capacity and hanicssi's 

.Avionk's 

,\vit«nics !;inclu'n> include I'nlsoar.', .nili'iiomous guidance and navigclu'ii. data iiianagement and 
S-band telemetry and coinnunvl c«»;nsr.umcations. \_vigatu»n v*mpioys i ariii hori/on. >!ai a.t« Sun 
s;,-jisors with an .idvaitced iiigli p. rfi*nn.uice inertial measurement system (>«xs^irapps*d I SI cvsni- 
puters provivie retp.ured cvniiputational cap.ibihiy mcladmg data inanagemenl. c»»ntrvM .md contlgu 
ration conirol. I he conuuand and leiemelry system employs ienu'te-.uldress.ible d.ilj bussing and 
Its 4»vvn imillipleMiig, Although the avionics 'vslcins m the Ivvo stages are identical, software for 
each stage is tailored U> tiie siage fuiutum 
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Thcmul EminNunml CoMtrol 

Main propcILinl (jnkN Jtr iiiM>Lilcd hi alumini/ed rn^ijr imiitilavcr imubtiom contaiik'd witMn a 
pur^* ha^ flK' in«uUtKHi >\slctn is helium purged on the irnmnd and durhif Faith bunch. The 
jihmics s\ stems scmi-active louicred radiaton; and sold pbtes. Actnc ihhd loops and radiaton air 
requimi for the fud «.vll sx-stems. Superallo> metal Kase heat shields are empknsd lo pn^ect the 
base ars*a> from resircuialine entane plume fis. 

4J.I„v.t PerfurmaiKr 

Perfomunce elura«.teristk>^ asssiciaU'd with the sxmimon slsec LO'« LH'> OF\’ are showi! m Fljoirr 
4.3-2S. l\opelbnt requirenu-nis are shown as a fuiK'lkwi of the paxkvnl return and deinrrx eapa- 
Niiii . Performance ^mnd rules used in fhess' paranwirks are as uslkms nalues are nuin 
propelbnt quantitiesi: 

• I 111 nhvie Ste I 100 per stan 

Sts 2 50 kg per sijrt 

• SlO|' k»ss Sts 1 '0 kg 

Sle : 10 fg 

• B*nloff rate o ks hr each s| j-e 

• Buiiiout mavs sealing equjii«>ns. 

Stg I 54.^0 kg + 0.055f*~ UP, ♦ 0 I ' U P, 

Sig : iSOO kg *■ H H55 1 ' U P| * O. I ~:!5 U Ps 

Uhere UP, and UP» are mam and auviha" rrofvllan! capacities res,x*cii%c!> 

• Stage of 0 

• Staging base at 4 km. 51 degrees 
4..?. 1. 5.4 Mass 

Suiiniiarv leiel mass estnn.’tes are presented in lable 4 I.»r the s»*Jecied satellite r»l'\ \ weight 

gr«n\ih factor i»f 10 was ue»-d rather Ilian 15 as ni I Sl.s hjsed o:i ih. uidgineni that the SIS 
I (Is I II ■. r'»l \ would be a s,v»nid generation \ehicle Mass .->.i;!nali-s J*>r the sistenis relleci the 
de.agn approach preuouslv ilescnivd. 

4.5, 1 .5.5 Mission Profik* and I light Operations 

I > pica! IiJiisier .'peialunis !io:n I I t' lo * d I' !.'i the stage »>l V are iliusiraled ui 

I igiire 4 .l-'o I!ie in ;ionlv iM ii;e »lelt_ V )**i Isnwtmg irt'in I I (> is pr<wided b\ Stage I Stage I 
then s„-pai.<les and leliinis (,« the staging dejvn ! • U'wmg an elliptical return pli..'..-ig tirbil Stage 2 
completes tiie lNH*st and puts the paiUud mit' a <d t' iuiister and phasing orbit, js well as nitecimg 
the p.ii ItMtl mil* t .i t> and perlt*niiing liie lennnial rende.'it'us nujuMiei with the til t> ctuistnic- 
lii-n i'js.- i ,tllt'wi:ig rem.txai ot the p.ivload. stage 2 ;iv.-s twit pnniarv i»unis m lel-.-rning tt> the 
i 1 1» staging ,!ept»i \ de'ai! niissuMi pit'iiie mdic ilmg eieiits, lime aiui delta \ is |>r»-s*-iited in 
lable 4 .N 
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Tabfe43-7. Chefiricrf OTV Mas SoMory 



SU^ 1 (KGI 

Str^ 2 (KG) 

Struct and Mechanisms 

13J00 

14.780 

Main Propulsion 

7.090 

4.020 

Auxiliary Propukioa 

820 

1.120 

.Avkmics 

300 

310 

Hlecttka! Power 

850 

820 

Thermal Control 

1.850 

2JI0 

W'eigiil Growth ' ICT^t 

2.420 

2J40 

Dry 

26.630 

25.790 

F'uel Bias 

e40 

640 

Unusable LOs LHs 

1.810 

I.SI0 

Unusable and Reserve .APS 

290 

660 

Burnout 

29J70 

28.990 

Main Impulse Prop 

415.000 

407.000 

APS 

2.7CO 

6.100 

Startbum 

447.C'0 

442.090 


A loia! nii«s*on timeline lor each staee b pieseniciJ in Figure 4 J-50. AllcAine approximately eight 
hours for refueling ami refurb results in 40 i.ours elapsed time K'fore a given Stage I can be reused. 
A typical Stage 2. however, has an elapsed link: of 85 hours K'fore reuse including lime for 
assembly between stages .?nd In. tween OT\' and payload. 

With the indicated turnaround times for each stage of an OT\^ it is possible to establish the total 
stage fleet size as shown in Figure 4,3-3 1 . The first two bars are -sociate«l with the first OT\' 
flight. .At the end of approximatelv 1 2 hours the second or upper stage (Ul I separates from the first 
t lower I stage ( Lit. The first stage complete its operations and is available in time for the third 01A' 
flight. The first upper stage finishes its mission and is availaMe for another flight at the end of 
approximately 85 hours which allows it to be used on the flight scheduled for the fifth day. With 
operations conducted in this manner and the requirements for one OT\* flight per dav for five 
cimsecutive days per week (corresponds to launch vehich operations) a total of two lower and four 
•ip|vr Stages are required in the fleet in order to conduct day to day operations. Operated in this 
manner, as mans as six independeiitU operating stages can K* in fliglii at one lime during the 
construction of each satellite. 
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TaUr4J4l. MaMMPh»fae 


MISSION 

REOmREO 


PROPULSION 


«MX« 

time 

DELTA V 

BRAIN OR 


MAUE 

IHRI 

M>SEC 

AUXIIIARVI 

REMARK 




MISSION 


t. STANDOFF 

0 

3 

A 

PRDVIt>ES SAFE SEPARATinN DISTANCE BETWEEN 
facilitv & vehicle 

2. PHASF 

12 

3 

A 

J V IS ATTITUDE CONTROL 

X COAST 

JS 

I71S 

M 

OTV FIRST STAGE SEPARATES A^ter THIS iV 

4. COAST 

<3 

3 

A 

ELLIPTIC REV 

S. INJECT 

.1 

750 

M 

mClUDCs SO NVSEC ACCUARiLATEO FINITE • 
•URN LOGS 

X COAST 

X4 

3 

A 

TRANSFER TO CEO 

7. PHASE INJ 

.1 

1780 

H 

REPRLSl VTATIVE FOR 15® PHASING 

S. PHASE 

2: 

3 

A 


9L TPI 

f terminal Phase 

WMTiATIONI 

.1 

55 

H 

'NCLUOES 15 WSEC OVER IDEAL TO ALLOW FOR 
CORRECTIONS 

10. RENDEZVOUS 

a 

10 

A 

TPI assumed TO OCCUR mTHIN 50 KM OF TARGET 

It. DOCK 

1 

to 

A 


12. WAIT 

• 

• 0 

- 

ASSUMED DOCKED 

IX STANDOFF 

.1 

3 

A 


|A. DEOtiOlT 

.1 

1830 

M 


1& COAST 

X4 

10 

A 

TRANSFER TO LEO 

tX kiASE INJECT 

-» 

2356 

H 

' 

17. PHASE 

12 

3 

A 

OR8IT PERIGEE AT STAGING BASE ALTITUDE 

IX TPI 

.1 

SO 

U 


IX RENDEZVOUS 

2 

30 

A 


3a DOCK 

1 

to 

A 


31. RCStiRVE 

- 

IJO 

M 

3«Of STAGE MAIN PROPUI8ION V BUDGET 



FIRST STAGE RECOVERV 

t. V -ST 

<3 

30 

A 

■ V TO CORRECT DIFFERENTIAL NODAL REGRESSION 
BETWEEN COAST ORBIT AND STAGING BASE 

X PHASE INJECT 

.1 

l«4S 

W 

ELLIPTIC ORBI^ «RIGCE AT STAGING BASF ALT. 

4. TPi 

12 

3 

A 

ALTITUDE CONI. tOL 

X PHASE 

.1 

50 

M 


X RENDEZVOUS 

3 

30 

A 


X EX)CK 

1 

to 

A 


7. RESERVE 

- 

85 

M 

3\OF STAGE MAIN PROFyLf .oN V BUDGET 
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STAGE 1 
ILOWERI 


STAGE 2 
{UPPER) 


10 


40 

~T- 


SO 


60 

~r~ 


70 


80 




STANDBY • WAITING FOR NODE CROSSING 


fe::i:lBOqST & COAST 

II^CT INTO PHASING ORBIT 

RENDEZVOUS & DOCK WITH STAGING DEPOT 
REFUR8& REFUEL 


M _BEWDEZV^ 


I 


r— SEPARATE 
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4J.IJ.6 Cost 

DDTE cost for the common stage LO-»/LHi OTV with a start bum mass of 900 000 kg is estimated 
at $930 million (1977 dolbrsl based on cost parametrics developed in the FSTSA study. The 
aveia^ TFU cost for the two sta^ is estimated at $82 million ( 1977 doUais) again using FSl'SA 
parametrics. 

Cost per flight for the LO-»/LH-« OT\' is based on the foliowing ground rules: 

• Space Based LO-« LHt Common Stage 

• Startbum Stj^ Mass of 445 K kg 

• St^TFLI Equal $82M( 197? DoUaisI 
o 280 OTV Ri^ts Per Satellite 

o 4 Satellites Corrstructed Per V^'ear 

• 14 Year Prc^ram Life 

• 50 Right Design Life 

• Stage Learning Factor of 0.8$ 

• LO-. LH- Bulk Civsi of SO 10 per kg 

• Spares Equal 5(Tr of Operational Units 

The majority of these ground rules are self-e\pbnatory. However, several merit further explana- 
tion. The 2 SO (lights for the orbit traitsfer vehicle is the number required for one satellite. A 14- 
year program has been assumed for the orbit traitsfer vehicle, since beyond (hat point in time it is 
generally assumed that a different generation of orbit transfer vehicle would be developed. A 50- 
fliglit d-'sign life has been assumed far (he spa-v based orbit transfer vehicle This value is baseu on 
(he MSEC Tug Study which assumed 50 uses for a ground based system. .Assuming that the SPS 
OTA' is a second generation vehicle, it was assumed 50 uses could be projected for a space based 
svstem. 

Based on the above ground rules a total of 624 stages (upper and lower) are required resulting in an 
average stage cost of approximatelv S.'l million. Cost per fliglit for a complete two stage OTV was 
estimated as 52. 2o million with the following breakdown. 

• Operational Units SI.24M 

• Propellant SC.40M 

• Spares S0.62M 

4.3.2 Crew Rotation Tlesupply Transportation System 

The crew rotation resupply OTV lor a photovoltaic or thermal engine sc Hite or I. HO eCTO con- 
Ntruciion makes use of a common stage LOi LII-, OTV. TIk system descnption of this OT\‘ is 
esseniiallv the same as described in Section 4..1.l..> although the si/e of the system does var\ with 
its application. 
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The complete crew rotation/iesupply transportation system required for a photovoltaic satellite is 
presented in Figure 4.3-32. In the case of LEO construction, the crew rotation resupply concept 
volves rotating all of tlie personnel (751 at the GEO base every 90 days and providing supplies for 
90 days. As a result, the OTV has a startbum mass of 495.000 kg. 

Should the satellite be constructed in GEO. the same 01A' as used to deliver the satellite compo- 
nents is eniploved. .As a result, a crew rotation/resupply flight is flown once a month involving ibO 
personnel and supplies for 480 people and 30 days. Accordingly, the OT\' has a startbum mass of 
890.000 kg. 
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4.4 INTEGRATED RESULTS 

Sections 4.2 and 4.3 hax'e presented data related to eitlier the launch system or orbit transfer sys- 
tem. This section piesen.s total transportation flight and cost data for the preferred transportation 
system for the reference photovoltaic satellite. The transportation elements consist of a two stage 
ballistic /ballistic launch vehicle for cargo, self power electric propulsion for the satellite, shuttle 
growth (reusable liquid booster) vehicle for crew delivery to LEO and LO-> LH<> common two stage 
OTV for crew, supply delivery between LEO and GEO. 

The flight schedule associated with the construction and delivery of one satellite per year is pre- 
sented in Table 4.4-1 . The maximum launch rate for the cargo delivery system is expected to be 
three per day for the case of constructing each of ei^t modules in 32 days and delivery of all of the 
OTS propellant for a module in the first 16 days of the 32 day construction period. 

Table 4.4-1 . Flight Schedule Her Satellite 


Earth- LEO Delivery 

2 Stage Ballistic. Ballistic 
Satellite Components 
Satellite OTS Hardware 
Satellite OTS Prop 
Base Crew Supplies 
Chemical OT\‘ Prop 
Shuttle Growth 
Personnel 

LEO- GEO Delixer 
Satellite 
Crew Supplies 


Per Satellite 

Max. Rale 


35 32 days 

33 

S 32 days 

S3 

24 16 days jj> 

4 

1 ‘iO days 

5 

' 1 % days 

28 

'-I 13 davs 


8 1 40 days 

4 I % days 



Relates to module transporting an antenna. 


The total transportation cost for one satellite (based on four satellites year constriictiv)ii rate) is 
estimated at slightly under 84.8 billion. breakdown of this cost is presented in Table 4.4-2. 
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Table 4.4-2. Transportation Cost (Cost in 

Millions) 

Satellite Transportation 


(4250) 

Components to LEO 

2325 


OTS Hardware to LEO 

355 


OTS Prop to LEO 

795 


OVS Hardware 

775 


Crew Rotation Resupply Transportation 


(240) 

Supplies to LEO 

45 


OTV Prop to LEO 

45 


OT\' Hardware 

10 


Crew to LEO 

140 


Interest tSelf Power T.lp Timet 


(300) 

Total 


S4"90 
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